DOCUMENT RESUME 



ED 258 032 
TITLE 

INSTITUTION 
REPORT NO 
PUB DATE 
NOTE 

PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



CE 041 760 

Engineer Equipment Mechanic. 
Marine Corps Inst., Washington, DC. 
MCI-13.41c 
20 Nov 80 

147p.; Photographs and figures may not reproduce 
clearly. 

Guides - Classroom Use - Materials (For Learner) 
(051) 

MP01/PC06 Plus Postage. 

Adult Education; *Auto Mechanics; Behavioral 
Objectives; Continuing Education; Correspondence 
Study; Course Descriptions; *Engines; *Equipment; 
Individualized Instruction; Learning Activities; 
Military Training; Operating Engineering; Study 
Guides; Trade and Industrial Education 
♦Heavy Equipment Mechanics 



ABSTRACT 

Developed as part of the Marine Corps Institute (MCI) 
correspondence training program, this course on engineer equipment 
mechanics is designed to advance the professional competence of 
privates through sergeants as equipment mechanics, Military 
Occupation Specialty 1341, and is adaptable for nonmilitary 
instruction. Introductory materials include specific information for 
MCI students and a «?tudy guide (guidelines to complete the course). 
The 13-hour course consists of four chapters or lessons. Each unit 
contains a text and a lesson sheet that details the study assignment 
is also provided. Topics covered in the lessons include test 
equipment, engine diagnosis and repair, diagnosis and repair of power 
train components, and diagnosing, troubleshooting, and repairing 
auxiliary equipment. (YLB) 
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1. PURPOSE 

This publication has been prepared by the Marine Corps Institute 
for use with the MCI course* Engineer Equipment Mechanic. 

2. APPLICABILITY 

This manual is for instructional purposes only. ~ 
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STUDENTS 



Welcome to the Marine Corps Institute training prog ran. Your Interest In 
self-Improvement and increased professional competence Is noteworthy* 

Information Is provided below to assist you In completing the course* 
Please read this guidance before proceeding with your studies* 

1. MATERIALS 

Check your course materials* You should have all the materials listed In 
the "Course Introduction** 1 In addition you should have enough envelopes to 
mall all lessons back to MCI unless your lesson answer sheets are of the 
self-mailing type* If your answer sheets are of the preprinted type, check to 
see that your name, rank, and social security number are correct* Check 
closely, your MCI records are kept on a computer and any discrepancy In the 
above Information may cause. your subsequent activity to go unrecorded* You 
may correct the Information directly on the answer sheet* If you find a 
discrepancy and correct It, ensure that you correct this Information on all 
your answer sheets* If you did not receive all your materials, use the 
enclosed Student Request/ Inquiry (MCUR14_J to notify MCI of this fact and 
what you require* (Note: The MCI-RI4_ may be mailed to MCI without envelope 
or stamp)* " 

2. LESSON SUBMISSION 

Submit your lessons on the answer sheets provided* Complete all blocks 
and follow directions on the answer sheet for mailing* In courses In which 
the work Is submitted on blank paper or printed forms, Identify each sheet In 
the following manner: 



Otherwise, your answer sheet may be delayed or lost* If you have to 
Interrupt your studies for any reason, contact your training NCO who will 
request a single six month extension of time, which Is added to the original 
Course Completion Deadline (CCD) date* If you are not attached to a Marine 
Corps unit you may make this request by submitting the enclosed MCI-R14 , or 



DOE, John J. Sgt 332-11-9999 

44*1, Procedures of Legal Administration 

Lesson"! 

Military or office address 



(RUC oujnber, If available) 
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by calling the Registrar Division on AUTOVON 288-417S/2299/6293 or commercial 
(202) 433-5174/2299/2691. You are allowed one year from the date of 
enrollment to complete this course* Your commanding officer Is notified of 
your status through the monthly Unit Activity Report* in the event of 
difficulty, contact your training NCO or NCI Immediately* 

3* ENROLLMENT/HAIL TIME DELAY 

Presented below are the Enrollment/Nail Time delays* Column I represents 
the First Class mall time from HCI to the designated geographical location or 
from your location to NCI* All correspondence Is sent via First Class mall* 
Course materials are sent via Special Fourth Class Book Rate.) You should add 
five working days for our processing* Example: Eastern U.S. - 3 days mailing 
time to NCI ♦ 5 working days NCI processing ♦ 3 days mailing time back to the 
unit • 11 days* Column II represents Regular Nail from the time when the 
enrollment application is mailed until the unit receives the course* 
Example: Eastern U.S. * Enrollment application 3 days mailing time to NCI ♦ 5 
working days NCI processing + 6 days mailing time to the unit ■ 14 days* 



GEOGRAPhio AREA COLUMN 1 COLUMN 2 

EASTERN U.S. 3 14 

WESTERN U.S. 4 19 

FPO NEW YORK 5 21 

DEPT. OF STATE MARINE 7 24 
SECURITY GUARD 

HAWAII (N0N-FP0) 5 12 

FPO SAN FRANCISCO 7 27 

FPO SEATTLE 6 23 



Note : These times present the service standard. The actual times may 
vary. If the delay you are experiencing Is excessive, please contact the MCI 
Registrar by phone, message, or letter, so that we may take action. 



4. GRADING SYSTEM 
LESSONS 



GRADE 

A 
B 

C 
D 
NL 



PERCENT 

94-100 
86-93 
78-85 
70-77 
BELOW 70 



MEANING 



EXAMS 



GRADE 



EXCELLENT A 

ABOVE AVERAGE B 

AVERAGE C 

BELOW AVERAGE D 

FAILING F 



PERCENT 

94-100 
66-93 
78-85 
65-77 
BELOW 65 



You will receive a percentage grade for your lessons end for the final 
examination, along with a reference sheet (MCI R69), Indicating the questions 
Incorrectly answered* All lessons must be COMPLETEO AND PASSEO before you 
will be administered an exam* The grade attained on the final exam Is your 
course grade* 

S* FINAL EXAMINATION 

ACTIVE DUTY PERSONNEL: When you submit your LAST LESSON, your exam will 
be mailed automatically to your commanding officer. The administration of MCI 
final examinations must be supervised by a commissioned or warrant officer, or 
a staff NCO (equivalent or higher), and It must be validated by the 
administrator* 

INACTIVE DUTY OR CIVILIAN EMPLOYEE: The exam may be supervised by a 
director of civilian personnel, civilian training officer* clergyman* or local 
school official 

6* COMPLETION CERTIFICATE 

The completion certificate will be mailed to your comnandlng officer* For 
non-Marines, it is mailed to your supervisor or directly to you, as 
appropri ate* 

7* RESERVE RETIREMENT CREOITS 

Reserve retirement credits are awarded to Inactive duty personnel only* 
Credits awarded for each, course are listed In the "Course Introduction" and 
are only awarded upon successful completion of the course* Reserve retirement 
credits are not awarded for NCI stud> performed during drill periods If 
credits are also awarded for drill attendance* 

8* OISENROLLMENT 

Only your conmand1n9 officer can request your dlsenrollment from an NCI 
course since this action will adversely affect the unit's completion rate* 

9. ASSISTANCE 

Consult your training NCO In the event of course content problems* If he 
Is unable to assist you, MCI Is ready to help you whenever you need It* 
Please use the enclosed Student Course Content Assistance Request (T4E-1) or 
call the Autovon telephone number listed below for the appropriate course 
writer section* 



PERSONNEL/ADMINISTRATION/LOGISTICS/CORRECTIONS 

COMMUNICATIONS/ELECTRONICS/AVIATION/NBC 

INFANTRY 

ENGINEER/MOTOR TRANSPORT/UTILITIES 
SUPPLY/FOOO SERVICES/FISCAL 
TANKS/ARTILLERY/SMALL ARMS REPAIR/AAV 



288-3259 
2*9-3604 
288-3611 
288-2275 
288-2235 
288-2290 



288. 



For administrative problems call the NCI Hotline: 288-4175 
For romnerclal phone lines, use area code 202 and prefix 433 Instead of 
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(J) Stick to your schedule. 

Besides planning yoar study time, you 
should also choose • environment Ihut 
U tight for yon. Matt people need e quiet 
•lac* f»r study. Ilk* a library or a reading 
leung*; other people atudy tetter where 
there Is becliground moelet still others prefer 
to study out-of-doors. Ton matt chooot your 
study environment carefully ro that tt Ate 
yoor Individual needs, 

O, STUDY THOROUGHLY AMD 
SYSTEMATICALLY 

A mad with a workabla schedule and 
attested ta a good study environment, yoa 
art now raady ta attack yoar coarse* leseoa 
by teaeon. Yoa will And yoar first study 
assignment and yoar first written assignment 
on P«ft 1 of lesson 1. Oa this page yoa will 
also find the lesson objective, a statement 
of what yoa atwakt ba able to do after com- 
pleting tht Mslgnmente. 

DO ROT begin by reading the teaeon 
questions sad flipping through tha text lor 
answers. If yoa do so. you will prepare 
to foil* not pane, tha final esem. Inatoad, 
proceed as follows: 

© Road tht study assignments care- 
fully. Make notes on the ideas you feel are 
Important end mark any portion you have 
difficulty understand^, f. 




(£) Reread the portions yoa marked 
la step 0 When you hate mastered 
the study assignment, atart to work oa 
the written aaslgnmeat* 

(§) Read each queetlea ta the written 
assignment carefully. 

© Answer sll Questions that you are 
sure of end tear* the others blank. 



(|) Reread the portions of the atody 
aaatgnment that asptato tht Items you left 
btank. 

0 Complete the wrtttan aaatgnment and 
aendtt to MCI for grading, 

0 Co oa to the neat lessen. 

Potior the same procedure for each 
lessen of the course. If you have prwblema 
with the teat or lessen cjueatleas that yoa 
cannot ootve on your own, aak year aectloa 
OtCorHCCtCforhctp. If he cannot aid 
yoa* requeat ssststaace from MCI oa toe 
MCI Student Course Content Aaalstance 
Requeat Included In thin pamphlet. 

When yoa have paaeed the final lesson, 
the final exam wilt be sent to your training 
officer or MOO. 

d, PREPARE FOR THE FINAL EXAM 




How do you prepare for tha final exam ? 
Follow theae three steps: 

0 Review each leaaon objective aa a 
summary of what was taught la tha course, 

(i) Hereto alt portions of the teat that 
you found particularly difficult. 

0 Review all the lasaon questions, 
paying special attention to those you missed 
the first time around. 

If yoa follow these simple steps, yoa 
should do well on the final. GOOD LUCK 1 
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PREFACE 



Knglneer equipment mechanic has been designed to provide taitcu corj»orals through 
staff tii'i^canta with a source of study material which will enable them to perform more 
efficiently the duties of an engineer equipment mechanic. MOS 1341. It discusses some 
of the things to consider when diagnosing, troubleshooting, and repairing malfunctions of 
principal systems of engineer equipment* This is not a basic equipment course nor does It 
cover all the equipment, procedures, duties, and responsibilities of an engineer equipment 
mechanic. It Is a general discussion of techniques for diagnosing, troubleshooting, and 
repairing systems of engineer equipment* This, coupled with other courses offered by 
MCIanrtO.IT, will enable the 1341 mechanic to qualify In his MOS* 

There Is a continuous need for good, experienced diagnostic and troubleshooting mechanics 
in the engineer field. Excessive repair costs are continuously incurred duo to Inexperienced 
mechanics jumping into a repair job without first making a diagnosis and then troubleshooting 
for the cause* To explain these two terms, let us say that diagnosis is the ability to determine 
what part or component has malfunctioned and troubleshooting Is the art of determining the cause 
of that malfunction* 

This course includes coverage In the tools and test devices necessary for a mechanic to 
diagnose and trouhleshoot components of engineer equipment. Succeeding chapters deal with 
standard gasoline and dlesel engines; power trains; and auxiliary equipment used on Marine 
Corps engineer equipment. This course, coupled with on-the-job training, will enable you 
to be a more proficient mechanic* Be a mechanic, not a parts changer* 



ROVRCE MATERIALS 



TM 5-2805-204-14 
TM 9-8000 
NAVPFRS 10644F 
NAVPERS I0845C 
KHTKK-1M2 



TM 00«72 A- 1 5 
TM 00872 B-15 
TM OOU73 D-t* 
TM 01551 D-15 



TM-FN-015M A-15 



TM 0407a A-15 
TM-07542A-12 
TM-KNO-2475 
TM 28t!i-t5/l 



Crane»Phovel, Crawler-Mounted with Attachments, Dvc 1961 

Crane-Shovel, Crawler»Mounted, Model M37<M63f, Jan 1965 

Crane-Shovel, Crawler-Mounted. Model 2N(M62), Jan 1963 

Bay City Crane* Truck»Mounted, Diesel-Englne-Driven, Mar 1964 

Crane-Shovel, Truck-Mounted, DieBel-Engine-Drlven, Jun 1961 

Tractor, Diesel-Engine-Driven, Model 1 00, Dec 1964 

Load er^ ^QQP"^P^_Fu l l*Tracked, JI Case M od el M C >>50, 15 Oct 1972 

Adams ModeT^So MotoiTfc racier', Nov~I357 

Detroit Diesel Engines, (reissued Oct 72) 

Engine. Gasoline, Military Standard Models, Jul 1965 

Principles of Automotive Vehicles. Jan 1956 

Construction Mechanic 3 and 2, rev 1966 

Construction Mechanic I and C. rev 1970 

Fuel and Electrical Trouble Diagnosis, Test Equipment 

Wisconsin Air-Cooled, Heavy-Duty Engines, Wisconsin Motor Corp. , 

Milwaukee, Wisconsin 
Euclid Maintenance Manual for 82-30/C6 Crawler-Tractor, The 

service Department. Kuciid* Division of General Motors, Hudson, 

Ohio, Apr 1966 
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ENGINEER EQUIPMENT MECHANIC 



Course Introduction 



ENGINEER EQUIPMENT MECHANIC Is designed to advance the professional competence 
of privates through sergeants as equipment mechentcs. It will Instruct them In the testing end 
diagnostic equipment and in the methods of conducting tests. In addition, the course gives 
coverage on diagnosing and troubleshooting of engines, power trains, and auxiliary equipment, 
Ideslly, the course should be used In conjunction with on-the-job training in order to meet the 
MOS qualification requirements for the equipment mechanic. 



ORDER OF 1 STUDY 



Reserve 

Lesson Study Retirement 

Number Hourq Credits 

1 2 0 

2 3 1 

3 3 1 

4 3 1 



± 1 
13 4 



Subject Matter 

Test Equipment 

Engine Diagnosis and Repair 

Diagnosis and Repair of Power Train Components 

Diagnosing, Troubleshooting, -qnd Repairing 

Auxiliary equipment 
PINAL EXAMINATION 



EXAMINATION: 
MATERIALS: 



RETURN OF 
MATERIALS? 



Supervised final examination without textbooks or notes! time limit, 2 hours, 

MCI 13,41c* Engineer Equipment Mechanic, Lesuon sheets and answer 
sheets. 

Course materials become the property of tbe student upon successful 
completion of the course. 

Students dl sen rolled 'or Inactivity or at the request of their commanding 
officer will return all course materials. 
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Chapter 1 



TEST EQUIPMENT 



l-l, GENERAL 

The type of test equipment authorized for your unit will be determined by the echelon of 
maintenance authorised, the T/E, the unit's mission, and the type and quantity of equipment 
to be supported* Teat equipment la helpful and necessary in some cases for the correct diagnosis 
and troubleshooting of malfunctions. This chspter will discuss only the test equipment used 
to diagnose snd troublesMot malfunctions. Some of these items sre more common to motor 
transport maintenance* but can be used on engineer items of equipment. 



1-2, TACHOMETER 

Most engineer equipment Is equipped with s tachometer, but because of continuous operation 
you should not rely upon its being accurate, A hand-held mechanical tachometer Is used to 
measure engine rpm and to check the accuracy of equipment tachometers. The tachometer 
shown In figure 1-1 will Indicate rpm for both right and left rotating shafts* The shafta must 
be clean and dry because the rubber-tip adapters act as the friction surface for the tachometer 
and will slip* giving a false reading. Force the tip Into the shaft only with enough force to 
prevent slipping snd not so hard that the Instrument parts will bind* The tachometer shaft must 
bf held directly In line with the center of the rotating part* Handle it with care and store it In a 
place where it will not be bumped. When using the tachometer you should be extra careful or 
your hands or clothing may get tangled to the moving machinery. 




1, Tachometer assembly 

2, Clockwise scale 

3, Counterclockwise scale 

4, Indicator needle 

5, Tip adapter for shafts with center hole 

6, Tip adapter for flat surfaces 

7, Shaft 



Fig 1-1. Hand -he Id tachometer. 
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1-3. COMPRESSION Q AGE 

The compression test set shown In figure 1-2 Is for use on dlesel engines; the tester for 
gasoline ermines performs *he same function, but on ■ lower scale snd It has fewer adapters* 
v o *c the tester, remove the lector, injection nossle, or spark plug from the cylinder to be 
t«i *d and crank or run the engine at the speed specified. The highest reading on th* gage in- 
dicate* the compression pressure In the cylinder. Readings lower than specified indicate bad 
valves or valve adjustments, bad cylinder head gasket, worn rings, or cracked parts* The 
compression test will not pinpoint the trouble, but it will enable you to proceed with furffief teets 
lo Incite the problem. For example, an engine using excessive amounts of oil, but having the 
specified compression Is an indication of worn valve guides or oil leaking at some other point. 
The tester and adapters are usually Issued as a set in ■ box; keep them clean and dry* The 
adapters are rubber or some other soft material or a machined fit; damage to these components 
will allow leakage and cause a false reading* 



1-4. PRESSURE GAGES 

Cages to measure air and oil pressure are required to check engine and component oil 
pressures and brake or clutch mechanism air pressure* These gages are made in a variety 
of sites snd types and in some cases the mechanic will use a new part like the one Installed on 
the machine. When available, the test gages should be used because they are calibrated and are 
designed to withstand some overload* When checking oil or air pressure, select a gage that will 
Indicate the highest reading expected* Although the gages will withstand some overload, cold 
oil and maladjusted compressors will sometimes exceed the expected reading* Before removing 
the plug to Install tt* gage or before removing the gage after the job Is completed, bleed the 
system to reduce tint pressure* Oil in some systems has enough pressure to force It into the 
skin, and air pressure will force small particles Into the skin* When not In use, keep the open 
end of the gage covered to protect the gage from dirt and to protect the screw threads* 

1-5. VACUUM Q AGE AND FUEL PUMP PRESSURE TESTER 

The tester is a single gage with a flexible hose and adapters. The gage is marked to 
indicate pounds of pressure and inches of vacuum* It can be used to assist In diagnosing problems 
caused *?y lack of fuel. Ignition timing, defective valves or gaskets, or Improper carburetor 
sdiustments. Th* vacuum gaffe and fuel pump pressure tests are used with other tests to pin- 
point mechanical problems. 




Fig N2* 



Diesel engine compression test set* 





Fig US# Normal vacuum 
reading 



a* Vacuum test* This test la made by connecting the 
gage to the intake between the carburetor and the engine* 
The connection may be at the baae of the carburetor or 
at a plug near the center of the Intake manifold* Some 
englnoe are not equipped to be tee ted with the vacuum 
gage; there le no pUce to connect the gage* After the 
gage le connected and the engine U operating at normal 
operating temperature, note the inches of vacuum on the 
gage* A steady needle that It between 18 end at inchee 
vacuum It normal (fig l~sh A eteady reading below 18 
Inchee (fig 1*4) Indicates a lose of power due to a 
condition that li affecting all cylinder** The loee of 
power may be due to late Ignition timing, improper 
selling of pieton rings, or mechanical drag caueed by 
tight bearings. An Improperly adjusted carburetor le 
ueually Indicated by a reading that slowly drifts from one 
reading to another (fig 1-8)* Should the needle pulsate 
(Jump) steadily from one reading to another (fig 1-6), 
there le s complete loss of power on one or more 
cylinders* The power loss may be caused by leaky 
valves, blown head gasket, restricted intake manifold, or 
faulty ignition. An occasional pulsation of the needle 
indicates Ignition failure or sticking valves* If the reading 
starts between 18 and 21 inches vacuum and gradually falls lower when the engine rpm is 
held steady at approximately 2000 rpm, the cause Is probably a restricted exhaust system* 




Fig 1-4, Loss of power 

affecting all cylinders* 





Fig 1-6. Improper Carburetor 
idjuslment causes slow oscillation. 



Fig 1*6. Lose of power on one or more 
cylinder causes steady pulsation* 



b. Fuel pump pressure test* Before starting the test, check the TM for fuel P*mp pressure 
specifications* Disconnect the fuel line from the carburetor and connect the tester to the line. 
Crank the engine and note the fuel pressure; the engine will run on the gas that Is in the carburetor* 
DO NOT allow gasoline to fall onto a hot engine. Fuel pump pressure lower than epeclfied may 
be due to restricted lines, clogged illter, or faulty pump. 



1-8* DIESEL FUEL SYSTEM TEST EQUIPMENT 



Thle set (fig 1-7) consists of a pump, gages, adapters, and a spray cup* It Is used for 
testing unit injectors and nozzles* It Is a component of the contact maintenance truck* As field 
conditions usually) prevent the repair of unsatisfactory fuel system parts, replacement, not 
*epalr, is recommended* This test set Is used by higher echelon repair facilities to determine 
the cause of defective unit injectors end nozzles so that repairs may be made, when applicable, 
or to insure that the injectors and nozzles are functioning properly, 
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Plastic spray cup 
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Test head 
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Mounting base 




accessories 
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Plunger screw knob 
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Reverse flow block 
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Low-pressure tester 
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Spacer block 
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Injector test pump 


13. 


Adapter 
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Hydraulic gage, 0-500 psi 


14. 


Burette 


7, 


Gage and fuel line assembly 


15. 


Spacer block 



1. Connector nut 

2. Connector nuts (N-4) 

3. Connector nut (N-5) 
4* Connector tube (N-l) 

5, Connector nut (N-7) 

6, Connector nut (N-8) 

7, Ermeto adapter (N116) 

8, Mounting plate 



Fig 1*7, Diesel fuel system test equipment 
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1-7, ELECTRICAL TEST SETS 

a* General* Many good electrical components have been replaced because the mechanic did 
not know how to perform a test or did not know that test equipment was available* The electrical 
testing equipment normally used by engineer equipment mechanics is considered to be motor 
transport equipment* However, the maintenance shop vehicles are now equipped with some test 
equipment* The low -voltage circuit tester (LVCT) and the multimeter can be used to test most 
components of the engineer equipment electrical system* There are other components of the set 
such as the coil-condenser tester, generator and voltage regulator tester, volt-amp tester, and 
dwell-tach tester, but the LVCT and the multimeter will perform most tests required on engineer 
items of equipment* When properly used, they enable the mechanic to locate defective electrical 
components* Parts can be tested to determine their condition; this will help eliminate waste* The 
sets are precision instruments and must be handled with care* They are usually repaired by 
ordnance or electronic maintenance personnel* The only maintenance performed by the user is 
cleaning of the set and replacement of the battery* 
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b. Components and use * 

<l> Adapter kit <fift 1-8)* The connections necessary for testing and diagnosing fungus- 
pmof and radio -suppressed electrical systems are contained In the adapter kit* The 
components of the kit are designed to be plugged Into the circuit of shielded systems 
and provide a method of attaching the test equipment. The kit contains s generator 
field control which Is a rheostat for controlling the current through the generator field 
when making teals* 




Pig 1*8* Model WPW adapter kit* 

(2) Heavy-duty battery starter tester (fig 1-9)* This set is used to test battery capacity, 
starter and battery cables* and starting motors* It has s scale for reading volts and 
a scale for reading amperes* Procedures for using the set are usually provided with 
the set* The procedures discussed here sre for general use when there sre no specific 
Instructions with the set or in the TM* 
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Fig 1*0* Heavy-duty battery starter tester* 

(t) Battery opacity teat (fig 1-10K The capacity test Is made If visual Inspection and 
preliminary tests fail to locate the electrical trouble or If electrical troubles sr* 
reoccur ring, Before making the capacity test, the electrolyte must be at the 
proper level and have a specific gravity of at least 1, 225 at 60*F or above* 




Fig 1-10, Battery capacity test connections* 

Step 1 * Turn the control knob of the tester to the OFF position and connect the ammeter 
leads as Illustrated (fig 1-10)* 

Stpp 2, Turn the voltmeter selector switch to 15-VOLTS and connect the voltmeter leads* 
NOTE? The tester leads are to be connected to the battery terminal and not to 
lead clips* 

Stpp X Turn the control knob clockwise to BATTERY and adjust ao that the tester am- 
meter reeds a discharge rate equal to 3 times the ampere-hour rating of the 
battery- (The ampere-hour rating of the battery is listed In supply publications* 



1-6 



17 



ERIC 



Step 4, With the ammeter reading the specified load for 15 seconds (NO LONGER), 

not* the voltmeter reeding* then turn the control knob to the OFF position* If 
the taster Is pulling the specified loads tor periods longer than IS seconds it 
will burn up the taster and leads or completely discbarge the battery. 

Step 5, The readings on the voltmeter indicate the battery condition* For a 12-voh 
battery* 9, 6 Is good, 6 to B, 6 Is fair* and less than 9 volts is unsatisfactory* 

Step 6* Only the 12* volt battery Is mentioned because most engineer equipment Is 
equipped with one or more 1 2~vo1t batteries* Test each battery Individually 
to insure that each Is In satisfactory condition* 

(bl Cable teat (fig 1*11)* Starting and charging system difficulties are sometimes 
caused by excessive cable resistance. Only the voltmeter part of the tester Is used 
to make the cable resistance test* When the voltmeter Is property used* a reading 
of more than * 1 volt Indicates excessive resistance which may be due to poor con* 
flections or defective cables. The teats are made by connecting the voltmeter leads 
across each connection and cable In turn* Correct any deficiencies noted before 
proceeding to the next cable or connection* 




Fig 1-11* Cable test. 



Step 1, 



Turn the voltmeter Selector to S VOLTS* 



Step 2. Connect the voltmeter leads aa illustrated. The voltmeter lead must contact 
the battery poet and the connection terminal or irom terminal to terminal* 
Loose or corroded connections will cause a false reading if the leads are 
connected to the cable clamps. 

Step 3, Do NOT allow the voltmeter lead to ground the circuit* 

Step 4, With the tester connected, close the starting circuit and obtain the reading* 
Leave the ignition or the throttle controls in the off or stopped position when 
making the test* The test requires the starting motor to be under load* 

(c> Ground circuit test (fig 1*12)* This test Is made In the same manner as the cable 
test except that a reading above , 2 volt Is excessive* Excessive readings may be 
due to poor connections or defective parts within the starting motor* A poor connection 
between the engine and the vehicle frame will cause an excessive reading if the battery 
ground strap is connected to the vehicle frame* Excessive voltage loss Indicates re- 
sistance in the circuit which will interfere with the operation of the entire electrical 
system* 



13) Volts-ampere tester tflg 1-13)* The volte-ampere tester looks like the battery starter 
tester and care must be taken to be sure the correct set Is being used* Both sets have 
a scale for volt readings and a scale tor the ampere readings* The volts-ampere 
tester is used for testing the starting motor amperage draw and charging circuit and 
primary circuit resistance* 




Fig 1*12, Ground circuit test* 
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('FIXED load 
>WtY TOGGLE SWITCH 




CHECK BUTTON 

Fi? 1-13< Volts-ampere tester* 

(a) Starting motor amperage draw teat <flg 1-14), The purpose of the test is to determine 
the amperage draw of the starting motor. The engine must be at normal operating 
temperature so that the cranking load will be normal. Note In the Illustration that 
the tester leads are connected so that if the tester controls are turned to a certain 
position there will be a direct short across the battery. 

Note; These procedures are for a 24* volt system. 

Step 1, Turn the load control knob to FIXED LOAD, Leave the ftxed*load switch at 
24 VOLTS and turn the voltmeter selector to 40 VOLTS* 

Step 2, Connect the test leads as Illustrated In figure 1*14, 

Step 3. With the ignition switch off or the throttle In the strapped position, engage 
starter and note the exact reading on the voltmeter, 

Step 4. Disengage the starter, then turn the load control knob clockwise until the 
voltmeter reads exactly the same as with the starting motor operating. 

Step 5. Read the tester ammeter for the starting motor amperage draw, 

Step ft. Turn the load control to FIXED LOAD before disconnecting leads, DO NOT 
turn counterclockwise. 




Fig 1-14* Starting motor amperage draw test. 
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(bl Charging system tests. 

U Test preparations . Inspect the entire charging system for loose or corroded 
connections. Check the gene re tor drive belts tor proper adjustment* If all 
connections are clean and tight and the belts are adjusted* Install the adapters 
and controls of the adapter kit* 

Step 1, with the engine stopped and all electrical loads switched off* disconnect the 
battery lead from the regulator and Install adapter as shown {fig 1-13)* 

Step 2, Turn the load control knob to DIRECT and connect the 76 -ampere ammeter 
leads as Illustrated* 

Step 3, Install the generator testing control on the generator. 

Step 4, Turn the toggle switch on the generator testing control to FIELD CONTROL 
and turn the field control to OPEN* 

Step 3. There are other leads of the volts*ampere tester that will require connecting* 
but these will be discussed under each test* 
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Fig 1*15. Charging circuit test connection preparations* 
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2, Insulated circuit resistance teat *tig 1-16)* Excessive resistance In the charging 
"* circuit win cause unoe renaming of the batteries and an abnormal load on the 
generator and generator regulator. 

Step I. With th* load control knob on DIRECT* turn the voltmeter selector to 4 VOLTS 
ami connect the voltmeter leads between the voltmeter terminal of the generator 
testing control and the battery as Illustrated* (NOTE: The meter will read off- 
scale to the left, \ 

Step 2, Start the engine and run It at approximately 1, 000 rpm. 

Step 3, Turn the field control knob of the generator testing control to obtain a reading 
jf 10 amperes on the volts-ampere tester. A voltmeter reading of 4 or more 
volts* when no reading can be obtained on the ammeter* Indicates that the 
generator regulator cutout relay Is not closing or that the charging circuit 
Is open at another point. Check the system again for loose connections and 
broken conductors. Check position of tester controls* if no charging rate is 
obtained and the voltage will not rise above zero, the generator Is probably 



Step 4, With the test ammeter reading exactly 10 amperes* the voltmeter should not 
exceed * S volt* A reading above . 5 volt Indicates excessive resistance. 



Fig 1-16. Insulated charging circuit resistance test* 

1* Locating circuit resistance (fig 1*17). The procedures foi locating charging 
circuit resistance are used only If the Insulated circuit readings Indicate there is 
excessive resistance. If the previous readings are within specified limits* there 
Is no need to perform these tests. 
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Step 1, With the volts-smpere tester set the same as for the insulated circuit test, the 
charging rate te adjusted to exactly 10 amperes* 



Step 2, Use the voltmeter leada connected aa outlined below and Illustrated In figure 
1-17 to check the resistance in the various parts of the circuit* 



Voltmeter test leads connected to 1 and 2 maximum reading 1 3 volt 

* ' " 2 ami 3 11 " ,2 

' 4 and 5 " " ,1 

6 and 7 ; * " , 1 



issfifta 



Testes 




4, 



p Q 


IT 1 


1 ™ 1 


1 





STARTER 



Fig 1-17* Locating charging system resistance* 

Ground circuit resistance tg st (fig 1-18), The insulated circuit may show satte- 
factory test readings but a restriction in the ground circuit will keep the system 
from operating properly. Direct current (d c ) must return to its source and the 
ground circuit te the path normally used for returning. The charging circuit and 
the regulator circuit can be tested by the following procedures* 



Step 1. After completing the insulated circuit resistance test, keep the tester controls 
the same and the generator operating at exactly 10 amperes* Connect one volt- 
meter lead to a ground on the generator and the other lead to a good engine 
ground. The voltmeter reading should not exceed * 1 volt* 

Step 2. Continue the 10*ampere reading and mrve the voltmeter lead from the engine 

ground to the regulator base. The vcitmeter reading should not exceed * 1 volt. 

Step 3. If higher readings are noted, locate the problem by connecting the voltmeter 
across each wire and connection* The highest reading on the voltmeter will 
be obtained when it is connected across the point of high resistsnce. The 
resistance may be due to * loose, corroded, or dirty connection* 
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Fig 1-18. Ground circuit resistance test. 



5. Output teat Cftg 1-19). This Is a lost! test to check generator output and drive belt 
4 slippage. The generator Is operated at Its rated capacity and the engine rpm Is 
observed. The rated output should be obtained at or below specified engine rpm* 
When making this test be careful not to exceed generator output as Indicated on 
the data {date or in the TM, 

Step 1* Connect the volts-ampere tester and the generator testing control as illustrate* 
and set the control knob of the tester in DIRECT. Set the toggle switch of the 
generator testing control In FIELD CONTROL and the field control In the IN 
position. 

Step 2* Set the engine rpm at the specified rpm (appro* 1*000) and slowly turn the 

field control toward the OUT position while watching the teeter ammeter* The 
reading should rise evenly and steady* If the generator does not produce the 
rated output at the specified rpm* It should be removed* 




Fig 1*19* Generator output test connections* 



6, Cutout relay test (fig 1-20)* The cutout relay Is a part of the regulator assembly 
" which opens and closes the circuit between the generator and the battery* When 
the generator is producing enought current to overcome the battery voltage* the 
cutout relay closes and allows th* current to flow to the battery. This relay will 
open the circuit when the generator Is not producing enough current and prevent 
the flow of electricity from the battery to the generator* The component parts of 
the regulator are tested after the generator and charging circuits have been tested 
and are operating satisfactorily. 
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Step 1 , Connect the volte-ampere tester and the generator testing control as Illustrated* 
Set the volte*ampere tester load control knob on DIRECT and the voltmeter 
selector switch At 40 VOLTS* Set the generator testing control toggle switch 
In the FIELD CONTROL position and the Held control in the OPEN position. 

Step 2, Increase the engine speed to 1, 000 rpm and slowly turn the field control out so 
that the* voltmeter reading builds up a fraction at a time* Check the tester 
ammeter after etch increase In voltage* The closing voltage of the cutout re- 
lay la the highest voltmeter reading that can be obtained before the ammoter 
pointer moves* 

Step 3, After the closing voltage has been determined* turn the field control clockwise 
until the ammeter Indicates approximately 10 amperes charge. Then slowly 
turn the field control to the IN position while watching the ammeter* The 
opening amperage of the cutout relay will be the greatest discharge reading 
cbtalned before the pointer drops to aero* 

Step 4, The cutout relay la cloaed by current flowing through the winding, and opened 
by spring tension* The a at ia factory closing range of the cutout relay la 25 to 
27 volts for a 24-volt charging system* Only In emergencies will organizational 
maintenance personnel attempt to repair or adjust the cutout relay* 
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Fig 1-20* Cutout relay test* 



7. Voltage regulator test (fig 1-211. The voltage regulator limits the voltage of the 
" charging system and protects the lights and accessories from high voltage* 

Step 1. After completing the cutout relay test, turn the generator testing control toggle 
switch to REGULATED and the field control to OPEN* Turn the control knob 
of the volte*ampere tester to FIXED LOAD snd the selector switch to 24 VOLTS* 

Step 2, Remove the ammeter test lead from the regulator to battery wire and connect 
the voltmeter test leads to the regulator battery terminal and to ground* 

Stej 3, Increase the engine speed to 2, 000 rpm* Switch the generator testing control 
toggle switch *o FIELD CONTROL and then back to REGULATED to cycle the 
regulator. The reading on the voltmeter now Indicates the Betting of the 
voltage regulator* 

Step 4, If the reading obtained ia unsatisfactory, replace the regulator aeaembly. 
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Fig 1*21, Voltage regulator teat 



8* Current regulator teat {tig 1*22), Current flow creates heat; for example* current 
flowing through the conductor in a light bulb causes It to become white-hot and pro* 
duce light, ft la possible for the generator to build up sufficient current to melt 
the metal In It* therefore the current must be controlled to prevent damage* The 
current regulator prevents the generator from exceeding Its safe output when the 
battery is tn low state of charge or when the electrical load exceeds the maximum 
safe output* 



Step 1. After completing the voltage regulator test, lock the local control knob of the 
volte * ampere tester in the FIXED LOAD position and turn the fixed-load 
switch to 24 VOLTS. Place the generator testing control toggle switch in the 
REGULATED position* 

Step 2, Connect one ammeter and one voltmeter test lead to a good ground and off 
ammeter and one voltmeter test lead to the regulator battery terminal* -'A 
the engine speed at approximately 2, 000 rpto* 

Step 3. Turn the load control knob of the volts-ampure tester to VARIABLE and adjust 
until the voltmeter reads 26 volts* The ammeter reading now Indicates the 
setting of the current regulator* Check appropriate TM for manufacturer's 
specifications* 

Step 4* If unsatisfactory readings are obtained, replace the regulator assembly* 




0, Ignition primary circuit resistance test (fig 1-23), Hard starting and misfiring can 
"* be caused by excessive resistance In the Ignition primary circuit. Remember that 
resistance Is affected by the type of material ueed, the eke of the conductors, 
corrosion, and dirty or loose connections* Although there can be other cauees of 
hard starting and Misfiring, testing the resletance of the circuit during scheduled 
maintenance is a worthwhile time investment* 

Step 1, Turn the volts-ampere tester voltmeter e elector to 4 VOLTS, 

Step 2. Connect the idaptere* if needed, and the voltmeter test leads between the 
battery and the battery side of the ignition colt Place the clips In such * 
manner that they will not touch ground and short-circuit the primary circuit* 

Step 3, Turn the Ignition on* crank the engine slowly until the polnte cloee* Note 

the voltmeler reading* The highest reading wlllbe obtained when the pointe 
are fttlly cloetd* The reading should not exceed * 2 volt* 

Step 4* A high reading indicates excessive resistance* The circuit ehould be checked 
across each conductor and connection to locate the higheet voltmeter reading 
and the location of the resistance* 



|4> Dwell -tach tester (fig 1-24)* The dwell-tach tester is used to measure the dwell angle 
and the rpm of an engine that has a spark Ignition* One lead (normally red) Is connected 
to the primary Ignition circuit at the closest place to the contact points and the other 
lead is connected to ground* Some testers have only one meter for reading both dwell 
angle and rpm* Other testers* such ss the Sun Dwell -Tach (fig 1-24). have a meter 
for reading dwell angle and a meter for reading rpm. The testers that use batteries 
have s comrol for calibrating the tester before each use* If the tester cannot be 
calibrated, the batteries should be replaced* Testers without an Internal power source 
are usually calibrated by turning a screw at the pivot point of the pointer needle* The 
adapter kit is used wnh the testers on magnetos and distributors with shielded systems* 
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Fig 1-23* 



Primary circuit resistance test connections* 



27 

1-18 




Fig 1-24, Dwell-tach tester {Sun)* 

(a) Distributor circuit resistance test (fig 1-25K Teeters with tn Internal power source 
can be used to teet the resistance of the primary circuit In the distributor* Resistance 
of the circuit Is made prior to taking a dwell angle reading because excessive re- 
sistance will give l i incorrect reading* NOTEt Resistance of a magneto ignition system 
cannot be checked with the dwell-tach tester* 

Step 1. Calibrate the dwell-tach tester by turning the dwel* tack switch to CALIBRATE 
and the dwell regulator so that the pointer re* m the set line of the dwell angle 
Bcale* Then connect the red test lead to the p ■ vrv circuit of the distributor 
terminal and the black lead to a good ground 

Step 2. With the Ignition switch In the ON position, turn the engine slowly until the 
points close. When the points are fully closed, the highest reading on the 
dwell angle scale will be Indicated. This reading should be Inside the bar on 
the right end of the scale; a reading outside the bar Indicates high resistance 
In the distributor ground circuit* 

step 3, If the reading Indicates that there is high resistance In the circuit, check the 
points, distributor plate, and distributor housing* Remember that the else of 
any conductor used will also affect the resistance, 
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Fig 1-25* Distributor circuit resistance tut* 



(b) Engine Idle rpm teat ( fig 1-35)* Tbt engine rpm ahould be cheeked to Insure that it 
is within manufacturer's specifications* High and low Idle rpm can be tested with the 
dwell-tach tester when making governor and carburetor adjustments* 

Step 1* Calibrate the dwelWtaeh tester snd turn the dwell- tack switch to the proper cam 
lobe position* The number of cam lobea usually Is the same as the number of 
cylinders* however some magneto Ignition systems can have less than the 
number of cylinders* When the number of cylinders and the r'mber of lobes 
are different, check the manufacturer 'a recommendations for testing engine 
rpm* Set the tachometer scale selector switch to 5000 RPM* 

Step 2, Connect the black tester lead to a good ground and the red teater lead to the 
primary circuit of the Ignition system. 

Step 3* Crank the engine and note the reading on the tachometer scale for engine rpm* 
If the rpm Is less than 1, 000, set tachometer scale selector to 1, 000 rpm 
politic*. Adjust the components necessary to change engine rpm to specifications* 

(c) Contact point dwell test * figure 1-26 Illustrates some of the fallacies of using a feeler 
gage to adjust contact points* Measuring the dwell angle (fig 1*27) Is the most accurate 
method of adjusting the contact points In a spark Ignition system* Degrees of dwell* dwell 
angle, and cam are terms used to refer to the number of degrees that a distributor 
cam will turn while the points are closed* Dwell angle will affect Ignition timing and coll 
output tf the points stay closed too long* Ignition will be late; If the points open too soon, 
the coll will not produce the spark required* When making the dwell angle test, the engine 
rpm should be varied from Idle to 2, 000 or maximum governed rpm and the variation of 
the dwell noted* 
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Fig 1-27. Dwell angle. 
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Step 1, Calibrate the tester and turn the selector switch to the correct lobe position. 
Connect the test leads (fig 1*38) and start the engine* 

Step 2, Adjust the contact points to obtain the specified fJwell angle. To obtain the 
dwell angle while making the adjustment, remove distributor cap and rotor. 
Turn on Ignition switch. Adjust points tc correct dwell angle while engine la 
turned by starting motor. 

Step 3, Variations in the dwell angle reading can be caused by high resistance, 
mechanical wear* and loose connections. 




Fig 1*28. Connections (or testing dwell angle. 

{&) Timing light. Ignition of the fuel*alr mixture must occur at the proper time (or the 
engine to operate properly. A timing light is used to check and adjust the timing of the 
Ignition In a spark Ignition system. The timing light Is connected to the No. 1 spark 
plug high-tension lead and to the spark plug. Locate the timing mark (usually on the 
crankshaft pulley or the flywheel). With the engine running* the litfn should come on 
when the timing mark Is In the correct position* U the power-type timing light is used* 
connect the high-tension lead to No, 1 spark plug (leave dlstrtbutor*to-plug high -tension 
lead connected) and connect the low* voltage leads to tbe battery. Crank the engine and 
check the timing. 

Note: H is advisable to ground the secondary wire of the Ignition coil to prevent high 
tension current from traveling over spark plug wires* etc* during adjustments* 
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UNITED STATES MARINE CORPS 13,41c 
MARINE COM* INSTITUTE MARINE SAflftACK* 
SO* %77* 
WASHINOTON, D,C, 3O013 

ENGINEER EQUIPMENT MECHANIC 
Lesson 1 
Test Equipment 

STUDY ASSIGNMENT: MCI 13,41c, Engineer Equipment Mechanic, chap 1, 

LESSON OBJECTIVE: Successful completion of this lesson, combined with on-the-job training 

using the principles presented, will entble you to diagnose Fuel and 
electrical problems using the teat equipment available In the Marine 
Corps* 

WKITTKN ASSIGNMENT: 

A* Multiple Choice: Select the ONE answer which BEST completes the statement or answers the 
question* After the corresponding number on the anewer eheet, blacken the appropriate 

box, 

Value: 1 point each 

U What device is used to measure the engine rpm ? 

a. Torque wrench c. Compression gage 

b, Tachometer d* Speedometer 

2* When a compression teet Is made, what problem will NOT be indicated by a low* 
compression reading? 

a, Bad valves or valve adjustment 

b, Worn rings 

c, Cracked head or bad haad gasket 
rt. Cracked Intake manifold 

Note: Hams 3-6 are illustrations of four different readings of the vacuum gage and fuel 
pump pressure tester, You are to Identify the condition Indicated (a-e) by the reepectlve 
gage readings* 

a* Lose of power on one or more cylinders causes steady pulsation* 
b+ Improper carburetor adjustment causes slow oscillation, 

c, \oqb of power affecting all cyllndere 

d, Normal vacuum reading 

e, Loee of power dua to restricted exhaust flyetem 



3, 4, 5, 6* 




7* Unit injectors and nozzles are tested with a 

ft* fuel pump pressure test set, 

b f diesel engine compression test set* 

c* diesel fuel system test set* 

d, compression gage* 



8* A visual Inspection of the battery and preliminary teste fall to locate the electrical 
problems* Which test would be taken prior to the capacity teat? 



a* Generator voltage teat 
b, Specific gravity test 

fl* The diagram shows the hookup for a 



c* Voltage regulator voltage test 
d* Voltage regulator amperage test 



test* 



a* ground circuit 

b* link cable 

c* cable 

<t capacity 




10* When making a cable test* excessive resistance Is Indicated when the reading exceeds 

volt* 
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8, * 1 

b # *2 



C *3 
d* *4 



11* When conducting a cranking motor ground circuit test* a high voltage reading may be 
caused by 



a* excess resistance* 
b* poor connection* 



c* low resistance* 
d* voltage loss* 



13* Which testis) can be made with the volts*ampare tester? 
a* Battery capacity 

b* Starter ground circuit and cable resistance 
c* Cam angle and engine rpm 

d, Charging circuit resistance and starter motor amperage draw 

13* When using the vol ta -ampere tester on the charging circuit, what la indicated by a reading 
or 4 or more volts on the voltmeter when no reading can be obtained on the ammeter? 

a* Open circuit in charging system 

b* Closed circuit In charging System 

c, Grounded circuit in charging system 

d* Battery capacity is low* 

14. When conducting a charging system ground circuit resistance test* a voltmeter reading 
In excess of * 1 volt would Indicate 



a, excessive resistance* 
b* insufficient resistance* 

13*41 
lsn 1; p* 2 



c* increased engine load* 

d, increased starting motor spin* 
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15 # When conducting a cutout relay teat, the closing voltage of the cutout relay ta the highest 
voltmeter reading obtained 

a* before the pointer drops back to zero* 

b. after the pointer drops back to zero* 

c* after the ammeter pointer moves* 

d, before the ammeter pointer moves* 

16* Excessive resistance in the Ignition primary circuits maybe Indicated by 

a* slow oscillation, c* hard starting and misfiring* 

b, steady pulsutlon, d* alow cranking speed, 

17* What device is used to check the timing of the ignition in a spark ignition system ? 

a* Dwell-tach tester c* Timing light 

b* Vacuum gage d* Low voltage circuit tester 

IB* What device is used to measure dwell angle and the rpm of a spark ignition engine? 

a* i,ow voltage circuit tester c* Vacuum gage 

b* Dwell-tach tester d* Tachometer 



Total Point a r xb 
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Chapter 2 



ENGINE DIAGNOSIS AND REPAIR 



The objective of this chapter is to enable the student to identify the procedures necessary 
to dtagnoae and correct malfunctions of some of the common models oft 

1, gasoline engines, 

2, dlesel engines, 

3, engine cooling systems. 

The malfunctions w .11 not be Uated In the order of most frequent occurrences* These trouble- 
shooting charts and tips are to be used as a training aid only. For more specific information 
on specific items of equipment, check the TM for that specific item of equipment, 

2-1. INTRODUCTION 

Ah an engineer equipment mechanic* you are required to maintain, diagnose malfunctions of, 
and repair gasoline and dlesel engines* Some Items of equipment such as bridging boat* pump*, 
chain saws, and small generators are powered by gasoline engines. Most of the larger Items of 
engineer equipment such as crawler-tractors, crane -shovels, and large generators are powered 
by dlesel engines* Both gasoline and dlesel engines come In various sizes* models, and makes, 
but use either the 2- or 4-etroke-cycle principle of operation*. They are produced by many 
manufacturers; however t the most common dlesel engine being used by the Marine Corps Is 
produced by Detroit Diesel, a division of General Motors Corporation* These dlesel engines 
operate on the 2 -stroke -cycle principle and are the 71 series* Units authorized to perform 
maintenance are provided with the necessary tools and equipment required to maintain, troubleshoot 
and repair engines within the echelon authorized* Experienced personnel are the other require- 
ment. Diagnosing Is the art or act of recognizing a problem from the symptoms, and a trouble- 
shooter Is one who can locate the causes of a problem from these symptoms* You can readily 
see that you will need experience* knowledge, and the proper equipment to perform this re- 
quirement, 

2-2. GASOLINE ENGINES 

a. Introduction* The gasoline engines used t-y the Marine Corps can be either 2- or 4 -stroke- 
cycle; single- or multiple -cylinder; battery or magneto spark Ignition; in-line, V, or other- 
type cylinder arrangement* There are very few gasoline engines used with more than four cyl- 
inders* The nomenclature of engine parts and components can be learned from books* but t T te 
theory* principles, and functions are learned by reading, observing, and doing; both knowledge 
and experience will be needed to diagnose and repair gasoline engines. If you know the theory, 
principles, and functions, you will be able to follow the sequence of events to locate engine 
problems* you can trace each action and locate and eliminate a malfunction because you know 
which part or component must function at the proper time In relation to other parts or components* 

b. Diagnosing malfunctions. Once an engine develops trouble, you are responsible for locating 
the cause of the malfunction and restoring the engine to the original performance standards* The 
operator can tell you how It acts, but you must rely upon your knowledge, experience, tools 

and equipment to locate the problem and correct it* You must listen to the engine and the ex- 
planation by the operator and then determine which part* component, or system Is causing tbe 
problem* An engine malfunction can be caused by one defective part or a combination of de- 
fective parts or systems. Consider and check all posslbllltes when diagnosing engine malfunctions* 
Kor example, there is no need to change all the spark plugs on an engine with a mlsilring cyl- 
inder if all It needs Is a replacement for a defective spark plug high-tension lead. However, 
do not overlook the possibility that both the high-tension lead and the spark plufc may be defec- 
tive* The following paragraphs will discuss some of the malfunctions of gasoline engine* and the 
methods used to locate them, 

(t> Hnglne falls to turn , 

(a) The first and easiest part of diagnosing Is to determine how the engine Is cranked: 
battery starter or hand-cranked with pull rope or crank* Visually check for any 
obvious defects* After checking and eliminating each problem, try cranking* 
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<bt If engine is hand-cranked, cheek (or a dragging or detective component* 



1. Check the pull-rope aaaembly 0f enclosed) to be sure it is operating properly. 

h Check the attachments that are required to turn with the engine. Disengage the engine 
clutch or remove the belts used to drive attachments. 

3, Try rotating the engine opposite the normal cranking direction* This can Indicate 
Internal damages* Then, listen (or unusual noiaes when turned In the normal 
cranking direction* Some causes of internal seizure are water In the cylinder, 
overheated parts, or damaged or broken parts* 

(o) If the engine is battery-cranked, after checking the following items, make the checks 
listed above (or hand -cranked engines. 

U Battery cablo connections* Re sure they are clean and tight* 

2* Starting circuit* Be sure the conductors are of the proper size, not broken, nor 
frayed and shorted, and are clean and tight, 

£* Battery condition* Be sure the battery has sufficient charge to crank the engine* 
Check the specific gravity of the electrolyte to determine the state of charge* 

4, Defective cranking motor* You will need test equipment to check the cranking motor* 
The electrical parts can be defective or the drive parts can cause it to be Inoperative* 
A loose starter can cause malfunction, but this should have been noted during the 
visual check and the electrical starting circuit check* Other cranking motor problems 
will be discussed later In the course* 

(2) Engine turns, but falls to start* Make the following checks after performing the before - 
operation service* 

(a) Incorrect cranking speed* This should be the first check made since it is the easiest 
one* There are several possible causes for slow cranking speeds and there could be 
a combination of causes* 

U Engine oil* For engines with an oil reservoir (oil In the crankcase), the on viscosity 
may be too heavy for the temperature* The 2- stroke -cycle gasoline engines normally 
have the engine oil mixed with fuel and would not be affected by viscosity, 

2. Starting circuit* Hand -cranked engines may have some part of the engine or attach - 
"* rrient binding or causing a drag. This can also be true for engines with an electric 

starter! the battery, cable, and starting motor conditions are checked first unless 
visual Inspection showed signs of dragging components or attachments* 

2* Internal damage* Overheating and scored or damaged Internal parts wfll also cause 
the engine to crank slow and hard* This will normally disappear after cooling, except 
In extreme cases, but may oauss unusual noises thereafter* Sudden overloads or 
backfire can bend parts or cause other damages which will cause slow cranking speeds, 

to) Correct cranking speed* tt the engine cranks at normal cranking speed, but fails to 
start, it probably has one or more defective systems or components* An engine will 
usually start If it has gas and air, the at r -fuel mixture is compressed, and a spark 
is provided at the proper time* However, it Is possible to have too much gasoline 
for the amount of air and a spark that is too weak to Ignite the normal air- fuel mixture* 

I* System checks* Before making any detailed checks* you can usually eliminate some . 
~ probable causes for failure by checking the following* 
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♦ Fuel supply. Bs sure the englns has an ar»equate supply of fuel* Some fuel tanks 
are constructed to prevent draining the tank completely; they will show some fuel, 
but lot an adequate supply* If the engine te equipped with a fuel strainer, oheck 
to be eure that the fuel is not restricted nor oontam 1 ' *£d with water or other 
foreign matter* Remove the air cleaner and see If fori te being drawn through 
the carburetor venturt* Excessive amounts of gasoline indicate that the mixture 
is too rich* 

b* Itfnltton. Make a quick check of the ignition hy removing one epark plyg high- 
:ension lead from a spark plug and while cranking the engine hold it about 1/8 
in* away from the baee of the epark plug or any other good ground* The ignition 
system should produce a blue epark about the diameter of a small pencil lead* If 
there is a good spark, remove the epark plug and see If it will jump the spark 
t )lug gap while holding the base of the spark plug against the engine for a good 
ground* When making these teste, uee Insulated pliers or another type of In* 
eulation to prevent electrical shock* 

Components check* If a rapid check of the systems fails to locate the problem, a 
detailed check of the components and parts is required* 

a* Carburetor * Check the operation of the choke and throttle butterfly* Both should 
operate freely without looseness* With the ahutoff valve turned on, observe the 
carburetor to be sure the float circuit does not allow too much gasoline in the 
chamber* A gravity feed system will allow the gasoline to run through the car* 
buretor without engine cranking if the float does not stop the flow* The float 
circuit may also restrict the flow and prevent sufficient gas from entering* Check 
the screws used to adjust the mixture and makean initial adjustment If necessary* 
Check for leaks between the carburetor and the cylinder* On the 2* stroke cycle, 
a leak will prevent the mixture being pressurized and forced into the cylinder t and 
on the 4- stroke cycle, a leak will allow additional air to enter and change the ratio 
of the ?ir~fiiel mixture* 

b. Battery- distributor ignition. The first check should be for moisture in the dis- 
tributor, distributor cap, or anywhere on the high-tension aide of the system 
which could cause the system to fall* Check the condition and adjustment of the 
contact points* If necessary, test the coil and condenser, If all parts are good 
and properly Installed and adjusted, start at the battery and trace the flow of 
electricity through the Ignition circuit* Make a test at each junction so that a 
shorted or broken conductor will not be overlooked* Don't forget to test the 
ground circuit from the points back to the battery* 

c* Magneto. There are two types of magnetos usyed on gasoline engines* Some are 
" Self-contained and connected to the engine (fig 2-1A) while others are constructed 
to use a special flywheel as a part of the magneto (fig 2MB)* The self* contained 
unit has an impulse coupling to increase the speed of the magneto while cranking or 
operating the engine at low idle speeds* Operation of the impulse can be heard when 
cranking the engine or when idling very slowly; it makes a snap or tapping sound* 
If the impulse is not working properly, the magneto will not deliver the spark 
necessary to ignite the mixture* The flywheel type depends on cranking speed to 
generate the low voltage to initiate ignition* Moisture will affect the magnetos in 
the same manner as the battery* distributor ignition- Also check the condition and 
adjustment of the contact points* Test the coil and condenser and check the strength 
of the magnet* Some of the self-contained magnetos have a gear- driven rotor and 
the Internal parts of the magneto require timing as well as timing the magneto to 
the engine* For those magnetos behind the flywheel, the high-tension lead is 
soldered to the coil* This particular magneto is properly timed when the correct 
flywheel is properly Installed and the point setting la correct* An exception to this 
Is the* military standard gasoline engine* 
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U* Spark plugs* If visual inspection of the lgniton system Indicates that it Is func- 
tionlng properly* If there was a spark at the spark plug high -tension lead* anfl If 
there is gasoline In the carburetor* removal of the apark pluga should be the next 
step in diagnosis and troubleshooting* Clean* gap* and test the spark plugs and 
take a compression reading while the plugs are removed* Visual inspection of the 
spark plugs will also give some Indication of the condition of the internal parts* 
Spark pluge which are loaded with dark oily carbon Indicate that the engine Is using 
oil or that the 2 -stroke cycle fuel -oil mixture contains too much or the wrong type 
of oil* Overheated spark pluga usually have blisters or scale formations around 
the insulator, and the electrodes ar* badly burned* 

e* Internal engine parts* The compression test will Indicate the general condition 
of the valves and piston rings* Low compression that shows a rise after adding 
oil indicates defective rings* Low compression on two adjacent cylinders Indicates 
a defective head gasket* If there is no change in the low reading e alter adding oil, 
defective valves are indicated* However* you should remember that the 2 -stroke- 
cycle engines may or may not have valves; also that an engine can have compres- 
sion that is satisfactory for cranking and atlll be unsatisfactory for power or econ- 
omy of operation* Higher than normal compression readings indicate carbon 
deposits* 

<3) High oil consumption* By the time an operator becomes concerned about high oil con- 
sumption* there are many other problems with the engine* But when an Item is In for 
some component or attachment repair you should check It for possible high oil consump- 
tion* Like other mechanical problems* high oil consumption can be cauaed by many 
things or a combination of things* Some of the more common causes are discussed below* 

(a) Leaks* One of the easiest causes of high oil consumption to locate Is external leaks. 
Visually check all gaskets and seals* Dust and dirt will normally collect at these 
points, but if it is very wet after use* further investigation is required* Check all 
around valve cover and oil pan. Check the places where shafts extend from the 
engine* Check the oil-pressure gage, lines, filters, and breathers* Do not confuse 
oil that is dripping from the clutch compartment with transmission oil* This oil must 
be checked by feel and by smell to determine if it Is coming from the rear engine oil 
seal or the front transmission aeal* In some cases the clutch cover may require 
removal before a decision can be made, When there Is doubt as to the source of the 
oil leak, clean the area thoroughly and run the engine long enough to atart the oil 
leaking again* 

<b> Crankcaae ventilators* Some engine crankcases are ventilated through the carburetor* 
It Is possible for oil to be drawn Into the combustion chamber with the air from the 
crankcaae and burned* The system can be checked by removing the line between the 
crankcaae and the Intake manifold or the carburetor, and checking for oil* 

(c> Internal defects* The compression check discussed earlier can detect some of the 
high oil consumption causes* but not all of them* A quick check of the exhaust will 
help determine if the oil is being burned with the gas* leaking from the gaskets, or 
being blown by the exhaust vplve guides* A dar't sooty exhaust Indicates that the engine 
oil consumption Is from Internal causes* If the soot Is shiny and wet looking the oil 
Is probably being blown by the exhaust valve guides without passing through the com- 
bustion chamber* Excessive oil use from Internal sources may be oil passing worn or 
sticking rings* worn cylinder boree, worn valves or valve guides, or a defective head 
gasket. Oil can show In the liquid cooling system, which Indicates a defective head 
gasket. 

(4) Overheating* 

(a) A tr -cooled engines* Most overheating problems encountered with air-cooled engines 
are caused by restricted alt passages and overloading* Dirt leaves, and other debris 
lodge between the cor ling fins and the ehroud, and block the cooling air* This will also 
cause hot spots if only a part of the system is restricted* Other causae for overheating 
are low oil level, low Idling for long periods* and high speeds or overloading* lncor- 
n»ct carburetor adjustment, retarded Ignition, and excessive carbon deposits within 
the combustion chamber will also cause overheating* 
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(b) Liquid -cooled. An Insufficient e mount of coolant In the Bystem is the primsry csuse 
for overheating* Chemicals added to the water, met from the engine parte, and 
debris added to the cooling fly a tern will build up and restrict the normal flow of the 
coolant through the system* Dirt* leaves, and other debria close or restrict the air 
passages through the radiator core and prevent proper cooling* Before making further 
checks, be sure there Is a sufficient quantity of the proper oil In the engine* Deteri- 
orated radiator hose* especially on the suction side, will sometimes collapse and 
restrict the flow of the coolant* Some liquid cooling systems are pressurized to 
Increase the boiling point temperature* A leak that prevents a buildup of pressure 
will cause overlies ting* Incorrect fuel* Improper carburetor adjustment* and exhaust 
res trie Hon a will slso cause overheating* 

(5> Unusual noise. Noises are the hardest of all engine problems to diagnose because 

there are so many different parts Inside and outside the engine thst art possible causes* 
Although noise la the hardest to diagnose* it will sometimes sc company some other 
symptom* For example* an engine that is pinging will often have a loss of power, 
slightly higher temperature* and sometimes be hard to start* A compression check will 
probably Indicate carbon buildup* or a check of the ignition timing will show that it Is 
advanced. To determine the cause first determine what type of noise the engine Is mak- 
ing: knocking* rattling* clicking* pinging, etc* Then locate the place where the noise 
can be heard the loudest* A stethoscope is the best instrument for locating the sounds* 
but a welding rod or a piece of wood will serve the purpose* Place your thumb tightly 
over the end of the rod or wood and then put your thumb In your ear and move the opposite 
end of the stick or rod about the engine to locate where the sounds Beem the loudest* 
After the sound has been pinpointed* you can determine which part Is causing the problem. 

(a) Knocking* Most engine knocking is caused by worn Internal parts* A dull thud or knock 
when the engine Is loaded Indicates loose main bearings* A metallic knock that is 
loudest when the engine is idling at about 2* 000 rpm Indicates loose rod bearings* 
Piston pin knock and ro1 knock are difficult to tell apart, but the piston pin produces 

a double knock which Is usually heard when the engine ts idling* In addition to loose- 
fitting parts* low or Improper viscosity oil will sometimes cause a knock. Since oil 
film reduces friction between the metal parts and acts as a cushion to prevent knocking, 
if the oil film is too thin or insufficient* the two parts hit and produce the noise* A 
main bearing knock will be heard loudest near the crankshaft along the crankcase where 
the main bearing is located* Connecting rod noise will probably be heard loudest in the 
lower psrt of the crankcase j piston pin knock along the upper part near the particular 
cylinder* When you short out the spark plug for that cylinder* the main anl connecting 
rod bearing knock will be reduced or disappear* but it will cause a piston pin to knock 
more severely* Some of the am all engines use ball and roller bearing* which may slso 
produce a grinding noise* Bent parts can also cause knocking noises* Loose main or 
rod besrlngs are also associated with low oil pressure* but some parts that are not 
pressure -lubricated may be loose* In such a case* the engine would knock but ha .e a 
good oil pressure* Other knocking noises can be caused by the gear train* flywheel* 
crankshaft pulley, camshaft* fuel pump* and water pump* 

(b) Clicking, A rapid clicking noise that is continuous* but more pronounced when ac- 
celerated under load Is probably caused by excessive valve lash* Clicking under load 
when accelerated is normal for most engines* but the noise should disappear as the 
engine gains speed and during normal idle* V the noise does not dlssppear* check the 
valve lash and the engine timing* Carbon deposits In a cylinder will also cause a 
pre ignition ping* 

(c) Miscellaneous noises* A squeaking noise is often heard when an engine Is accelerated 
rapidly* A loose or worn fan belt will slip and cause squeaking* lithe belt is still 
serviceable, check the adjustment; if proper adjustment does not atop the squeak* rub 
the belt lightly In two or three places with a bar of soap. Dry or defective water pump 
besrlngs will csuse a squeaking noise* Some pumpa have luba fittings so that grease 
can be added; others have plugs or no way to lubricate and require replacement* 
Squeaking or grinding noises can also be caused by the timing gears or at any place 
where two metals rub together* Moot squeaking or grinding noises are caused by 
lack of lubricant* maladjustment* or defective parts* 
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(6) Low oil pressure* The moot frequent cause for low oil pressure Is lack of oil or im* 
proper viscosity oil for the temperature* However, the proper grade of oil can become 
diluted with fuel leaking from the fuel pump or by the pistons of a flooded engine* If 
an engine used In extremely dusty areas does not have its ofl and filter changed frequently, 
low oil pressure may develop because of a clogged system* A defective oil-pressure gage 
will sometimes show a low reading even though the oil pressure Is good; worn parts, such 
as main, connecting rod, or camshaft bearings* that are pressure -lubricated, will allow 
the oil to bypass and cause low pressure* A defective oil pump or pressure relief valve 
should be suspected If all other parts appear to be satisfactory or are not worn exces- 
sively* The best remedy for low oil pressure Is to change the oil and filter and be sure 
ihe engine Is refilled with the proper oil* If the parts require replacement, be sure that 
all passages are cleaned and that the ofl pump and relief valve are functioning properly 
before reinstallation* 

(7) Loss of power* An engine adjusted to operate at low altitudes will not perform as 
etflcentty at high altitudes* Since most Marine Corps bases and catnpe are located 
close to sea level, you should consider the altitude when hearing a complaint about 
loss of power* To correct the problem, a change In Ignition timing and carburetor 
adjustment may be required* The most common cause for loss of power Is misfiring, 
usually caused by one or more of the following: fouled spark plugs* defective contact 
points* Incorrect Ignition timing, contaminated or improper fuel* or defective valves* 
The wrong type of spark plug or a loose one will cause a misfire* The plug may be 
too hot or looseness msy not provide sufficient cooling* The contact points can be 
dirty* pitted, Incorrectly adjusted, or tiave a weak spring* The valves can be burned, be 
loose In their guides, or have weak or broken springs* 

(8) Defective cranking motor* Before removing U,e cranking motor, be sure the battery 
has sufficient power, the conductors are In goo condition, the terminals are clean 
and tight, and the switches are operating properly* If this telle to help then check Table 4-1 3 
Cranking System Troubleshooting. 

e. Repair* Once the engine problems have been Treated and the Initial parts requested, the 
preliminary repair work can begin* The parts or components requiring removal or adjustment 
to effect repairs should be thoroughly cleaned* Eliminate as many possible causes for abrasives 
getting Into the engine as practical* Steam Is a good means of cleaning engines* but It harms the 
electrical conductors* The heat of the steam causes the Insulation to become hard and brittle and 
the water that penetrates is difficult to dry or remove* An approved cleaning solvent is probably 
the best cleaner for gasoline engines* Apply a solvent* such as gunk* and allow It to stand for 
about (5 minutes before washing with water; give the solvent time to penetrate the caked grease 
but do not allow It to dry. Use solvents with caution and do not apply to a hot engine* After the 
engine has been cleaned and a space prepared in the shop or where the repairs will be made, the 
engine or component can be disassembled and repairs started* The smaller engines can be 
placed on the workbench for easier, faster, and better repairs* but the larger engines are some- 
times more difficult to remove than to repair an the machine* Some facilities have engine stands 
which are used If the engine must be removed* 

(1) General procedures* The type of repair necessary will normally determine where it 
wUl be done and how much preparation will be required* For example* there Is no 
need to remove the engine lr order to repair the magneto unless the msgneto Is located 
In such a position that it can't be removed* Remove only those components that require 
repair or that must be removed to gain access to the part requiring repair* If the engine 
must be removed and will be test run before reinstallation* remove all the components 
required for operation* Observe flie bolts, gaskets, seals, and parts as they are re- 
moved so thbt they can be reinstalled In the same place* For example, some bolts are 
longer than others or have different threads and must go back to the same place* The 
exterior of some parte look the same, but a small passsge on the Inside could be blocked 
and cause further damage If Installed upside down* When only a component Is removed, 
the area and openings where it was mounted must be protected from weather and dirt; 
plug the lines and openings and protect the machined surfaces against rust and corrosion, 
lie careful when using force during dlsasrembly* Some parte or components may have 
an Internal part that could be damaged If not removed before the two pieces are separated* 
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Alter the parts have been removed* clean and checn them thoroughly for wear* cracks, 
allnement or original shape, cleanliness, corrosion* and adjustment* Replace all parts 
when there Is doubt about their serviceability and they cannot be repaired* Some com- 
ponents are sealed and should not be disassembled unless repair of the component Is 
within your echelon of maintenance. The component Is replaced or referred to the prop- 
er echelon for repair. After a sealsd unit has been repaired and adjusted, roseal the 
component* Reassembly Is usually ths reverse of disassembly* but some parts may 
require Installation before the preceding part can be tightened* Check the nut and bolt 
torque In the specific TM for the machine* Replace the gaskets during reassembly, but 
be sure to use a gasket of the correct thickness; In some places a thicker gasket will 
change the bearing preload and the end thrust of a shaft. Some gaskets are also hsat- 
reslstant and must bs replaced with a similar type. Waterproof and htngus -proof systems 
require specif 1 attention to Insure that they are dry and properly sealed during Installa- 
tion* 

<2* Hrlggs and Stratton* There are several models of this engine, but the discussion will 
cover sufficient details B o that you can stu<fy the technical publications for tho other 
engines* All possible problems cannot be foreseen and only a portion of ths mainte- 
nance Is discussed In this text* 

<a) Ignition* Some of tho Items you will find when diagnosing the engine problems are 
a weak spark, no spark, or fouled spark plug* Do not replace any parts If the engine 
has another problem that requires repairs until all problems have been diagnosed and 
a decision to repair has been made* 

1* Spark plug * Remove the high-tension lead from the spark plug* then remove the plug* 
~ Clean the spark plug with a sandblasting plug cleaner and tester* Be sura that all 
carbon deposits are removed from the insulator, the shell, and the electrodes* If 
the plug Is burned or unserviceable, replace It with a new one* Before Installing 
either the old or a new plug, check and set the gap as prescribed In the TM (usually 
* 025)* Use a new gasket screw the plug Into the hole and tighten It snugly or to the 
specified torque If given* It must be tight enough to seal the compression* but not so 
tight that It will distort the plug and change the gap or damage the threads* 

2, Flywheel -type magneto* The cause may be due to a- malfunction or a defective part 
" within the magneto* Remove the cranking pulley or device and the cowling to expose 
the engine flywheel* Remove the crankshaft nut and flywheel* Most flywheels have 
bolt holes so that a puller can be used to remove It* After the flywheel is off* you 
will see a part of the magnet In the flywheel and the rest of the magnets attached to 
the engine* The magnets should be tight and strong* They are pressed Into or bolted 
to the flywheel with dowel guides for alining* and are difficult to remove and Install* 
Do not drop or bang the flywheel around; this will loosen thr magnet and possibly 
break some of the fins off the cooling fan* Check the contact points* Replace them 
If they are pitted* burned* broken* or have a weak or broken spring* They should 
be alined so that the contact surfaces make full contact* Check the plunger or the 
rubbing block for wear or binding and the cam surface that forces them open for 
wear* Check the condition of the electrical conductors and connections* The con- 
denser will seldom go bad, but If there Is doubt* replace It* Contact points that are 
dadly pitted indicate a faulty condenser* corroded or loose conductors* or dirt and 
grease* Hie coil will seldom be bad* but If It shows signs of Insulation cracks due 
to age or heat* It should be replaced* Both the coll and the condenser can be tested 
with test equipment* Check the spark plug high-tension lead for Insulation cracks* 
shorts, and continuity* Check the crankshaft for movement* endways or sW sways. 
Movement In exessn of that specified In the TM could affect the contact point gap 
and the magneto operation* If all parts are good or new parts are available* put 
some lubriplate on the plunger or rubbing block and install. After all parts have 
been installed, adjust the contact point gap to the specifications listed In the TM 
(usually *020 In,)* Some units also require adjustment between the contact block 
as Illustrated In figure 2-2, 
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Fig 2-2. Adjusting contact points and contact point spring* 

(b) Carburetlon* Only a few of the repair facilities for engineer equipment have the 
tools to disassemble and repair carburetors* It is also difficult to get repair kits* 
But most problems with carburet Ion are not In the carburetor* Before removing 
the carburetor* check the Intake manifold gasket, fuel tank and lines* and the air 
cleaner. Be sure the tank has enough clean fuel* Be sure the air cleaner Is not 
clogged and acting as a choke* V the cerburetor has fuel running out after the tank* 
lines* and air cleaner have been found good* remove the gasoline line connection at 
the carburetor and blow the debris out of the float needle valve* Once you have 
stopped the gasoline drip and there ere still carburetton problems* check the gaskels 
between the carburetor and the Intake manifold* and the manifold and the cylinder 
head* If they are setlsfectory* readjust the carburetor* The Initial setting Is made 
by completely closing the needle valve <flg 2- 3) and then backing it out 1 to 1 1 /4 
turns; turn the Idle adjustment screw In and back out 1/2 to 3/4 turn* When closing 
the adjustment* be sure they ere seated* but do not force or the valve will be dam- 
aged* If the engine fells to start* replace the carburetor and make the Initial ed- 
justmente as discussed above* The final adjustment can be made after the engine 
has warmed upj turn the needle valve In or out until the engine operates smoothly 
under loed* Adjustment of the Idle -adjusting screw affects the engine operation 
during Idling pealods* 

<c> Governor* There are very few small gasoline engine problems that can be traced 
to the governor* Most problems that appear to be the governor are caused by mis* 
firing spark plugs or Incorrect carburetor adjustment* However* binding linkage* 
worn governor parte, or Incorrect adjustment will cause the engine to function Im- 
properly. Some governors operate from emount of air flow created by the 
flywheel while others are gear-driven* In either cese the parts should operate 
freely* The springs should be connected and adjusted properly* Note the notches 
In the governor lever In figure 2*3. By moving the spring closer to the fulcrum 
(governor shaft)* the governor will become more sensitive* Turn the adjusting nut 
on the governor rod to adjust the engine rpm* The engine should Idle at approximately 
1, 200 rpm* but check the specific TM for the particular engine. If the governor lever 
has become loosened or has been removed* reset by loosening the screws In the lever 
and pushing the lever down* While holding the lever down, turn the governor shaft 
clockwise to the stop and tighten the screws. 
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Fig i 2-3, Small gasoline engine carburetor and governor linkage, 

(d> Valve mechanism (fig 2*4)* Defective valves can cause the engine to misfire, back- 
fire, or fall to start* They can be repaired or replaced with little difficulty by re- 
moving the cylinder head* carburetor and Intake, and the exhauet; then removing the 
valves for examination and repair* Clean the carbon and gum deposits from the vmlvee 
and the valve seate* Check the diameter nf the valve stem for wear and the valve face 
for wear or pits* Check the valve seat for pits and cracks. Check the valve springs 
for tension and breaks* Use a new valve item and check the valve guides for wear* 
Replace those parte which cannot be repaired* ft the valve face can be repaired and 
the stem Is good* reface It on the valve •refaclng machine* Reface the valve seate and 
clean thoroughly to remove the valve -grinding compound* Install the parts and adjust 
by turning the engine until one valve spring Is completely compressed and then adjust 
the other* On some models of the engine, the valves must be removed and the end of 
the stem ground to obtain mora clearance* If the engine la completely disassembled, 
the cam lobes, camshaft gear, and the epark advance for gear -driven, self-contained 
magnetos should also be checked* 
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VALVE SPRING SEAT ft 1*) 
EXHAUST VALVE SPRING 
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Fig 2*4 , Exploded view of valve mechanism. 

(e) Crankshaft and related parts/ The crankshaft and its related parts are usually re- 
moved when major repairs are required. The connecting rod and piston can be re* 
moved without disturbing the crankshaft* but it should be checked anyway* Check the 
end (day* mat*; bearing condition {ball bearings), and the crankpln* The end play 1b 
adjusted by adding or removing gaskets between the crankcaee and the bearing support 
assembly. The crankshaft can be removed through the hole covered by the bearing 
support assembly, lite bearings are pressed onto the shaft and will require a puller 
for removal* Check the diameter of the crankpln to dee If It Is out- of -round or worn* 
The connecting rod bearing Is the poured type that requires replacement of the connect- 
ing rod and cap If defective. Install the cap on the rod, torque, and check the diam- 
eter of the hole* Before the piston can be pushed through the top, the ridge formed 
in the cylinder must be removed to prevent breaking the piston rings. Check the 
cylinder bore and the piston for out-of-round and wear. Check the rings for clean- 
liness and wear. Remove the rings from the piston* IrjtaU In the cylinder bore, 
and check the gap. Check and replace the piston pin If necessary. When Installing 
the piston and rod assembly* stagger the ring gaps around the piston 180° from each 
other. Install the assembly so that the cam clearance flat Is toward the cam gear and 
the marks on the connecting rod match those cm the cap. After the crank shall and re- 
lated parts have been Installed, turn the crankshaft at least two full revolutions to be 
certain the connecting rod does not strike anything. Also check the timing marks on 
the gears to Insure proper timing of the engine parts and components. 

(3) Wisconsin* 

(a) General* Many of the repair procedures for the Wisconsin gasoline engines are gen*- 
erally the same as for the Brlggs and Stratum engines* but specifications will be 
different* Wisconsin also makes larger air-cooled engines* One application of the 
larger engine Is the V-four used on the 350-gpm dispensing and transfer pump of the 
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amphibious assault fuel aystem, The Wisconsin engines also operate on the 4* stroke* 
cycle principle and use either the self-contained or flywheel-type magnetos. However* 
most are equipped with the self* contained magneto* 

<b) Controls. The choke control and Ignition switch are located on a panel at the flywheel 
end of the engine. The throttle control* vacuum gage, oil -pressure gage, and tachom- 
eter are on the instrument panel* All of the controls and instruments are potential 
problem areas. 

(c) Ignition. The V- four and some of the single-cylinder engines sre equipped with self' 
contained magnetos that sre shielded to help prevent radio interference* Moiature 
probably causes most Ignition problems, but the location of the ignition switch on the 
V-four engine will also cause trouble* The switch closes the circuit to ground out the 
magneto primary circuit and stop the engine* A defective switch or conductor can 
ground out the magneto and prevent starting or proper operation* Shielding around 
the systam provides a good ground for any electricity that leaks out of the defective 
part* It is usually easier to remove the magneto to make repairs than to attempt 
repairs while It Is Installed on the engine* The contact points, condenser, coll, con- 
. ductors and connections* and the mechanical parts should be checked and replaced if 
necessary* The magneto must be properly timed to the engine when Installed* Re- 
move No. 1 spark plug and crank the engine slowly until you can feel compression* 
Then aline the edge of the marked flywheel vane with the mark on the shroud* Re* 
move the Inspection plug and install the magneto so that the marked tooth on It is 
visible through the inspection hole* JS the engine has more than one cylinder* be sure 
the correct high-tension lead from the magneto Is connected to the proper spark plug* 

(d) Carburetlon* The V-four engine has a fuel pump to supply the carburetor* The pump 
has a lever which allows the operator to pump gasoline to the carburetor by hand* If 
the float circuit Is not working properly* you can force gasoline Into the engine with the 
lever and flood the engine* A clogged air cleaner wm restrict the air passage, reducing 
the air flow to the engine causing a rich mixture* In addition to the normal gasket and 
manifold leaks, some engines are equipped with a vacuum gage which can cause trouble 
if It or the line is defective* Any leaks which allow additional air to enter will change 
the air-fuel mixture ratio (too much atr for the fuel) and cause Improper engine 
operation* 

(4) Military standard engines* 

(at General* The 1 1/2** and 3-horsepower (hp) military standard gasoline engines are 
air-cooled* 4 -stroke -cycle, overhead valve* gasoline engines* The 10- and 20 -hp 
engines are the same xcept that the cylinders are horizontally opposed* The military 
standard engines have one or more cylinders depending on size* Although these engines 
were designed and produced to meet military standards* the basic fundamentals and 
principles of operation are the same as for other 4* stroke -cycle engines* Cranking 
motors and battery- charging components are standard equipment on the 10- and 20- hp 
engines and can be installed on, the 1 1/2- and 3-hp engines* The military standard 
engine has a life expectancy of 1* 500 hours at the rated full load and speed before major 
repairs are required (compared with 100 to 500 hoars (or other air -cooled gasoline 
engines)* 

(M Ignition* The 10- and 20~hp engines use a self-contained magneto which requires the 
same repairs as other self-contained units. The 1 1/2- and 3-hp engines are equipped 
with a magneto that Is different from the other magnetos explained In this text* One 
part of the magneto Is similar to the flywheel type and the other part Is contained In 
the governor accessory case* The contact points dad condenser are In the accessory 
case while the magnets for generating the primary circuit current and the coll are 
located behind the flywheel. The spark plug high-tension leads are connected to a 
terminal block near the coils. Repairs are made easier because the contact points 
and condenser can be replaced or adjusted without removal of the flywheel* Only 
the accessory case cover Is removed to adjust or replace the contact points* However, 
moisture can cause more trouble because of a leaky accessory case cover gauket or 
loose parts. Co/<iensatlon can also cause enough moisture to ground out the Ignition 
system* All models are equipped with shielded electrical and ignition systems which 
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can coin hc a grounded circuit* Before attempting to time the ignition of these engines, 
it in important to know what model engine ts being repaired* The 1 1/2- and 3-hp 
engines arc timed by rotating the flywheel counterclockwise u ntil the intake valve 
cIohuh; atoppinfi when the (ON mark is on line with the pointer. The intake valva on 
the 2 -cylinder engine must be the one nearest the flywheel* With the engine set, 
route the cam (item 11 in, fig 2-5> until the lower points ju&t begin to open. For the 
2~cyllnder engine, rotate the flywheel another 180 and line up the marks* Then 
chock the upper eet of points* Do not rotate the cam to time the upper set of points; 
fuljUHt the gap until the points just begin to open* 




1 W*§bt* Att, No, • 
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d WMtar, tot*, ET* No. 
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Jj Attwuory tw 



• Contort ***mbiy 
m point n*p 



0JT5 ,f (2 rqrl 
8 Coti'twior * 



ft KltctHfftl Un4 i2 
11 Ignition ram 



Kic SS-fl, Tvui- cylinder i*ngim* enntnet nsst*mldit's< jiljutHmrnt and removal points* 

The 10-hp engine in also a ^-cylinder engine, but the timing marks are lined up by 
removing the No, 1 spark plug and cranking the engine until you feel compression, 
then nlining the flywheel and housing marks* The camshaft and magneto geer mark* 
must also be alined* The flywheel mark will be top dead center (TOO, but for check- 
ing with t timing light the mark will be BCJN* No* 1 cylinder of tin? 10- and 20-hp 
<?nginew is marked on the engine cowling* The 20-hp engine timing (fig 2-8) is basically 
the KHtno us the 10-hp except that the magneto Is rotated no that it will impulse and fire 
No* 1, then Impulse three more times* The camshaft and magneto gear marks are 
thi*n alined when Installing* Ignition of theHe two engines can be advanced or re tarried 
slightly by loosening the mounting boltH and rotating the magneto, 
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STEP t, REMOVE SPARK PLUG PROM NUMBER 
ONE CYLINDER 

STEP *. INSERT THUMB m IPA** PLUG 

HOLE AMD TURN PULLEY UNTIL AIR 
BSC A PINO BY THUMt INDICATES 
NUMBER ONE CYUNOER IS ON COM- 
PRESSION STROKE. CONTINUE TO 
TURN UNTIL TOC TIMING MARK 
ALINES WITH P LY WHEEL HOUSING 
MARK i INSTALL SPARK PLUG* 



MAGNETO CASE 



MAGNETO GEAR 




STEP X WITH TIMING MARKS A LINED AS 

DESCRIBED IN S*tf K THE CAMSHAFT 
GEAR 101 * IUH TIMING MARK WILL 
APPEAR IN OPENING IN TIMING GEAR 
COVER* 



( NOTfr POSITION MAONtTO GASKET ON MAGNETO 
BE PORE INSTALLATION* 




NOTEt THE MAGNETO MUST it IMP U Lit G 

TO DETiRMlHE number one cable* 



STEP J. 



STE* 4. REMOVE CABLE PROM NUMBER ONE 
SPARK PLUG AND HOLD EHD ONE* 
EIGHTH INCH PROM SHROUD OR MAGNETO 
CASE. TURN MAGNETO GEAR CLOCKWISE 
UNTIL MAGNETO IMPULSES AND SPARK 
OCCUR1 IMPULSE MAOHETO THREE 
ADDITIONAL TIMES. 



TURN MA6HB TO GEAR SLIGHT L Y AN D 
POSITION MAOHETO SO THAT MAOHETO 
GEAR TIMING MARK WD CAMS HAP T 
GEAR IGNITION TIMING MARK ALlHE. 



Fig 2*6, MaRiH'to uUncmcnt and positioning (model 4A084-II1> 
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(c) Govgrno -* Maximum rpm of the military standard gasoline engine to controlled by a 
governor* The speed of the t t/2- and 3 -hp engines is regulated by shortening or 
lengthening the control rod that extends from the accessory case up to the carburetor 
throttle lever* Surging or paor speed regulation Is eliminated by turning the carburetor 
Idle adjustment needle* The starting point (or adjusting these governors Is to disconnect 
the control rod from the throttle lever and hold the control rod and lever down* Raise 
the throttle lever 1/16 In* and adjust the length of the control rod so that It can be con- 
nected* Note that on some engines the control rod la clamped to the throttle lever and 
can' be extended by loosening the clamp while the other control rods have a clevis that 
screws In and out to extend or shorten them* Adjustment to the 10* and 20-hp engine 
governors Is more complicated than In the smaller engines* The governor and tachovn* 
eter are driven by the camshaft gear through the magneto gee** The governor la 
removed each time the magneto Is removed and will require adjustment* There are 
more linkages and adjustments on the governor of the larger engines* Briore the 
govenor la adjusted, the engine Ignition and carburetor must be adjusted and operating 
properly* The engine must be at operating temperature before making the governor 
adjustment* The governor adjustment procedures (or both the 10- and 20~hp engines 
are explained In figure 2-t* 
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GOVERNOR 
CONTROL 




GOVERNOR 
IRLY 



LOCKNUT 



OOV&rfKOR STRING 
AtUUtTOftHT 



Step t t Loosen lockmit M A** and turn minimum -speed stop screw counterclockwise 4 turns to 
prevent engine overspeed« 

Step 2* start engine and allow to warm 30 minutes* 

'^tep 3 t Loosen governor control knob and place governor control In govern position (toward 
carburetor)* Tighten knob* 

Step 4 t Apply load and turn minimum- speed stop screw clockwise to obtain engine speed of 
3*800 rpm* Tighten locknut M A*" 

Step 5 t Disengage load and check engine speed* If speed doee not exceed 3* 708 rpm, no further 
adjustment Is necessary* If epeed exceed e 3, 708 rpm, perform stepe 6 and 7, 

Step 6 * Loosen locknut **B" and turn governor spring adjustment nut clookwtes 4 turns to reduce 
no-load speed* Tighten locknut **B* ** 

Step 7, Perform etepe 4 and 5* 

Note: If no-load speed is adjusted too close to load speed, instability or hunting will occur* 
If Instability occurs, adjust governor spring adjustment nut to obtain no-load spesd of 
3| 708 rpm; then perform steps 4 and 5 to obtain stability* 

tflg 2-7* Governor adjustments for 10* and 20-hp military standard gasoline engines* 

(d> Lubrication system* The 1 1/2- and 3-hp engines are splash -lubr tested and rely on 
the proper amount of the proper grade of oil for lubrication* The 10- and 20-hp 
engtnss srs preseurs -lubricated and use a gear-type oil pump to force ths oil through 
ths system* A defective oil pump, clogged system, or leek of oil can csuss many 
problems* The oil pump Is similar to other gear-type pumps, but It Is located behind 
the flywheel which must be removed to repelr the pomp* Some engines are equipped 
with in emergency shutdown devics that operates from the oil preceure* A loss of 
oil preesurs will short out ths magnsto* These larger engines are also equipped with 
hydraulic valve tappets which (ell to operate properly if the engine oil Is too low or 
becomes contaminated* The oil pump gears are boused in the crankcass of the engine 
and require replacement psrte* Ths pump Is not replaceable ae an assembly. 
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(e) Cylinders and cylinder heads. The military standard gasoline engine a are vftlve- In- 
head type engines; the valves can be adjusted be removing the rocker covers. The 
cylinder heads and the cylinders are replaceable* but special tools are required for 
their removal. Therefore, a valve job cannot be done without the special wrench to 
remove and install the cylinder head. Figure 2*8 shows the special wrench being 
used to torque the cylinder heads. If either the cylinder head or the cylinders are 
removed* replace the gaskets before reinstalling. 




I Tunju* .wrench 



a Cylinder 
•dftpttr 



nut 



3 AdftPter, 4ft to % in. 



Fig 2-8, Cylinder head nut torque wrench adapters. 

d. Troubleshooting. When diagnosing engine malfunctions* consider and check all possibilities. 
The following charts will cover some of the malfunctions of gasoline and dies el engines* the causes 
and possible remedies to correct them* 

Table 2*1, Troubleshooting Cnart for the Gasoline Engine 



Symptom 



Probable cause 



Corrective action 



1. Engine fails to turn 

Cranking motor inoper* 
ative 



1, Corroded or loose term! 1 
nals (including ground)* 

2, Faulty battery* 

3, Broken conductors* 



1. Clean and tighten* 
Replace cable if 
necessary, 

2. Recharge batteries 

or replace if necessary 

3. Replace* 
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Table 2-1. Troubleshooting Chart for the Gasoline Engtne—contd 



Symptom 



Probable cause 



Corrective action 



b. Engine oil too heavy for 
temperature 

c. Internal seizure 



I* Use of incorrect vtacostty 
oil* 

I* Broken or damaged parts 
or fluids i>* cylinder(a)* 



1, Drain and refill with 
propar grade oil* 

1* With clutch disengaged* 
transmission in neutral* 
remove spark plugs and 
attempt to turn engine. 
Failure to turn Indicates 
damage requiring repair 
beyond organizational level* 



2* Engine turns, but fails 
to start 

a. Insufficient gasoline to 
engine 



b. Fuel-air mixture too 
rich 



c. Engine not turning bet 
enough 



d. Faulty ignition system 



I, Empty gasoline tank* 

2* Gasoline shutoff valve closed* 

3* Gasoline strainer clogged* 

4* Water in gasoline* 

5* No gasoline at carburetor* 



I* Carburetor choked too 
much* 

2* Dirty or damaged float 
needle valve or improper 
float setting* 

I, Batteries low In charge* 

2* Loose connection, defec* 
tive conductors or switches* 

3* Defective cranking motor* 

I. Broken ignition circuit* 



2* Wet or fouled spark plugs* 

3* Cracked or broken spark 

plug Insulators* 
4, Defective manifold switch* 
5* Wet or defective distributor* 



U Fill with gasoline. 
2* Open shutoff valve* 
3* Clean gssoiine strainer* 
4* Drain gasoline tank, 

strainer* and carburetor* 
5, Clean gasoline fuel line* 
Check and correct linkage 
between carburetor and 
compression release 
mechanism* 

1* Push in choke control; 

wait a few minutest 

attempt to start* 
2, Replace carburetor* 



1, Recharge or replace 
batteries* 

2, Clean and tighten con- 
nections* Replace con- 
ductors or switches* 

3* Test and replace if needed* 

1, Check electrical wiring 
from battery through igni- 
tion switch, manifold switch* 
distributor* and ground* 
Clean and tighten corroded 

or loose connections* Replace 
damaged wiring* 

2, Remove* clean, gap, rein- 
stall* 

3* Replace* 

4* Repslr or replace* 
5. Clean, dry, and repair as 
needed* 
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Table 2*1* Troubleshooting Chart (or the Gasoline Engine— contd 









rruwDn cuuoo 




Lorrociivv action 


3. 


Engine misses and back* 












fires 










a. 


Water In gasoline 


1. 


Contaminated fuel eupply 


1* 


Drain gasoline fuel 








or condensation* 




system, clean sediment 
























refill with clean gaso- 












line* 


o* 


f nr* fit* P4M*t ftpintf nv>Amv> 


l 

* * 


iinprvjivr m a mu isi i on qi 


1 

* * 


uvvR tutu corrvci ppwR 
























installation* 






2, 


Improper installation of 


2. 


Ch#ck and correct instal- 








dtnfPihutor ran* 




lation Of diatT*ihutrvf* AAA 


4 














op full power* *uneven 












operation 










a. 


Insufficient air to en* 


1. 


Clogged air intake system* 


1. 


Remove, clean and 




gine 








service air cleaner # 


b. 


Air leaks around intake 


1. 


Loose bolts and nuts* 


1. 


Tighten to proper 




manifold 








torque* 






2, 


Defective gasket* 


2. 


Refer to higher echelon 












for replacing* 


c. 


Poor fuel 


1. 


Improper grade* 


1, 


Drain and refill with 












proper grade of fuel* 


it. 


Internal wear or damage 


1. 


Defective valves or pistons* 


1. 


Refer to higher echelon 



for repair* 



5. 


Excessive oil consumption 


1* 


Oil leaks* 


1* 


Check and repair* 




2* 


Improper lubricant* 


2. 


Drain and refill with 












proper grade of oil* 






3. 


Overheating engine* 


3. 


Check and correct* 






4. 


Overfilling* 


4. 


Check proper side of 












gage and fill only to 












specified level* 


6. 


Loss of engine oil pressure 










a. 


Low oil level 


1* 


Normal use or leaks* 


1* 


Determine cause and fill 












with proper grade of oil* 


b. 


Clogged oil filter 


1* 


Operation in dusty con* 


1* 


Change filter elements* 




elements 




ditions ai:d not changed 












often enough* 






c. 


Defective oil-pressure 


1* 


Broken indicator* 


1* 


Replace* 




indicator or line 


2. 


Crimped or broken line* 


2. 


Replace* 
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Table 2*1, Troubleshooting Chart to** the Gasoline Kngine--contd 



Symptom 



Probable cause 



Corrective action 



7. Engine noises 
a. Sharp rap at idlo 



b, Klat slap when Increas- 
ing speed under load 

c, Metallic knock whan 
idling or slowing down 
that disappears under load 

d, Constant knocking 



e. Constant rapid clicking 



f. Combustion knock 



1. Loose piston pin* 



1. Piston slap. 



1. Faulty connecting rod 
bearing. 



1. Low engine-oil level. 
2* Overheating, 



1. Incorrect valve adjust* 
ment, 

1, Improper engine 'temper- 
ature, 

2, Poor fual or water tn foel. 



1. Locata faulty pin by 
short-circuiting spark 
plugs or venting 
nozzles until noise 
stops. Refar to higher 
echelon tor rapair. 

1 . Refar to hlghar echelon 
for repair. 

1> Refer to hlghar echelon 
for repair. 



K Check and fill to proper 
level, 

2, Check coolant and oil 
level, RaflH to correct 
level, 

1, Adjust to specified 
clearance, 

1, Keep tamperature at 
operating lavel, 

2, Drain and refill with 
proper grada of clean 
ftiel. 



2-3, DIESEL ENGINES 

a. Introduction, D iesel engines are used in many Items of construction engineer equipment. 
There are many makes, mod el a, and sizes, each designed to perform a specific job. The diesel 
engine principles of operation are similar to those of the gasoline englna; howaver, the diesel 
engine la usually heavier than the gasoline engine of aqual horsepower. The main difference 
between the two engines is the method of Ignition, The diesel engine uses heat of compression 
to Ignite the fuel. Another difference in most, but not all, engines is the method of getting the 
fuel Into the combustion chamber. The diesel engine uses a foal Injection system while most 
gasoline engines use a carburetor. On the Intake stroke, the diesel engine draws In air only. 
The air is then compressed enough to raise the temperature sufficiently to ignite the fuel when 
it is injected* The fttel Injection system meters the fuel. Injects it into the cylinder at the proper 
time for ignition, and atomizes it. Swirling motion of the compressed air, and heat help vaporize 
the fuel and mix it with the air for burning. The Detroit diesel (often called the Jimmy) la the 
most widely used diesel engine in the Marine Corps, It la a 2-stroke-cycle, water-cooled engine 
made In many different sizes with V or In-line cylinder arrangements. Although other makes of 
diesel engines are used by the Marine Corps, only the Detroit diesel la discussed In wis para* 
graph* 
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Diagnosis, 



(1) Introduction, You diagnose problems on the dlesel engine about the same as you do on 
the gasoline engine* ft Is a mattei of locating the problem and Isolating It bo that re- 
pairs can be made* Although the engines are similar* cleanliness within the dlesal Is 
more Important than on the gasoline engine. Dirt In the fuel ayetem of a gasoline engine 
does not affect Its operation as much as dirt In a dlesel fuel aystem* Loss of compres- 
sion thedleael engine i? more noticeable than on the gasoline engine* 

• 

Oft Dtagnoalng malfunctions, Diesel engine malfunctions can be caused by one part or a 
combination of defective parts* components, and systems* All possible causes must 
be checked when you diagnose malfunctions. Jt the malfunction la not caused by a part 
directly related to the problem* look for defective parts or components In another 
system which may affect the area where the problem Is located. For example* the 
engine Is losing power and has an excess of white smoke* The cause can be low com- 
pression caused by worn cylinder parts or bad valves* It could also be caused by a 
restriction In the air Intake system or Improper fuel* It could also be a defective or im- 
properly adjusted fuel Injection system* The following paragraphs will discuss some of 
the malfunctions and methods used to locate their cause* The TM contains a list of prob- 
lems* their possible causes* and the remedies* Before attempting to diagnose 
malfunctions In an engine, perform all the before- ope ration services and checks. 

(a) Engine falls to turn. The dlesal engines used by the Marine Corps are cranked by 

an electric cranking motor* There are several places that are potential problem areas* 
but a quic\ check of the battery terminals and connections la the most logical place 
to start* Be sure they are clean and tight and the battery has sufficient charge* Then 
trace the path of the current flow and check for loose* corroded* or broken connections* 
Including the ground circuit* Jt all parts are clean* tight* and In good repair* the 
problem could be In the starter switch* solenoid, cranking molar* or it could be Inter- 
nal setzute of the engine* Try turning the engine backwarda while listening for unuaual 
noises* Jt it turns back easily, try rotating it by hand In the normal running direction* 
Jt the engine rotates freely In both directions, the problem Is most likely In the crank- 
ing motor which requires test equipment to check* If it rotates back but not forward* 
water In a cylinder could be the problem* This water could leak by a defective head 
gasket, through a crack In the cylinder head, or by a defective Injector tube* Failure 
to turn In either direction could be caused by a defective attached component or other 
damaged parta within the engine* 

(M hugtne turns but falls to Bfa ?L A dleael engine muat have an adequate aupply of air 
comprenaed to a sufficiently high compression pressure, the proper amount of fuel 
Injected at the right time, and the proper cranking speed before it will atari* Failure 
to meet any of these requirements will result In a failure to start or abnormal operation* 
The cranking speed Is easily detected, so mo&t problems encountered will be caused by 
lack ot air or fuel* Some of the engines are equipped with ssfety devices which auto- 
matically shut the fUel or air off if the engine reaches a danger point during operation* 
They are usually electrically operated sending units mounted where they can be actu- 
ated by excess heat, low oil pressure, overspeed of the engine, and some by a mal- 
function of the driven component* They serve as switches to control a solenoid which 
stops the flow of fuel or restricts the air* These devices are connected by electrical 
conductors which cause most problems of hard starting* The conductors short out, 
ground out, or break* causing the parts to malfunction* Slow cranking speed Is usually 
caused by low battery output* If the batteries are good* check the connections and 
cranking motor* Improper oil for the lemperature will also cause slow cranking 
speed* In cold temperatures, cold*westber starting aids are provided to assist In 
cranking the engine* Failure of the system to function properly will result In failure 
to Htart or hard starting* Whether the starting aid is the fluid type or the air heater 
type, It must tuncllon properly and be used correctly to perform Its functions, Binding 
or broken linkage or other defects In the governor can shut the fuel off and prevent the 
engine from starling* to extreme case, bad valves or worn cylinder parts will 
prevent the engine from starting by falling to compress the air to the high compression 
required for Ignition* 
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\c) U neven running or frequent stalling, the dies el engine will often start, but fall *o 
continue to run. This is especially true whan the engine Is cold* The governor, 
governor linkage* and throttle linkage must be correctly adjusted and operating prop- 
erty to permit settinK the speed et an rpm at which the engine will run until it roaches 
operating temperature (160° to 185° F), Improper adjustments will cause the governor 
to hunt (run the engine rpm up and down) until the engine finally stalls. In cold temper- 
atures the starting aid may be required to keep the engine running until it reaches a 
temperature where assistance is no longer needed. If the engine is equipped with a 
safety device that is actuated by low oil pressure, e switch that will stop it from func- 
tioning must be used until ths engine builds up sufficient oil pressure bakes about 30- 
seconds). Improper operation or malfunction of the device will cause the engine to be 
hard to atart or to stall. Insufficient fuel or faulty injectors will alao cauas the engine to 
, run unevenly or possibly stall. However, the most itrnmon problem encountered In 
uneven operation is often cauaed by improper adjustment of the injector timing or rack 
setting. Low compression pressures can sometimes be overcome to permit starting 
by use of starting fluids, but after the fluid haa burns*, the engine will probebly stall 
or run) unevenly. Low compression on just a fsw cylinders will not prevent starting, 
but will cause uneven operation. Compression pressures should not vary more than 
25 psi between cylinders when the engine is operatingat 600 rpm. Loss of compres- 
sion is often caused by a restricted eir intake system, improper adjustment of valves, 
bed valves, or worn or stuck piston rings. Another problem* especially in the Marine 
Corps, is contaminated fuel. The ftiel provided meets the requirements of military 
specifications, but water and debris get Into it while it is In storage or being used to 
refuel equipment. The walsr and sed* nent soon clog the niter or cause the ftiel system 
components to malfunction end in some extreme cases the water Is injected Into the 
cylinder. Any of these conditions will cause hard starting* frequent stalling, or uneven 
operation. 

(d) Lack of power. The main cause for lack of power is a restricted air intake system. 
Dirt that builds tp In the breather assembly, too much oil In the air cleaner oil pan, 
or a closed emergency shutoff will keep the engine from receiving the proper amount 
of air* causing it to lose power* Contaminated fuel will clog filters and prevent the 
proper amount of ftiel from reaching the cylln er. The fuel will sometimes get hot and 
expand and prevent the proper amount from r.eing Injected. If the engine Is getting 
plenty of ftiel and air, it ia probably being misused. The operator is overloading the 
engine. Another cause that rarely occurs Is a restricted exhaust* Restricted exhaust 
problems normally o^cur when they are modified or when substitute parts are installed. 
In some cases where the engine has just been repaired, it is possible that the gear trait 
is improperly timed, if the engine had h##»n performing properly and the above checks 
show nothing, then it ttfteds a tuneup. Of course, worn parts within the engine will pre- 
vent proper compreesion of the air and cause loss of power. Uneven running was dis- 
cussed In the previous paragraph and will also affect engine pow jr. 

(e) Detonation. A cold engine will usually knock when first cranked. The knocking is 
more noticeable if starting fluid Is used to assist In cranking, tt the air cleaner oil 
pan is overfilled or the oil is too light it can be drawn into ths cylinder and cause 
detonation. Faulty injectors or injector timing will alao cause detonation. In extreme 
cases, carbon deposits 'hat build up in the cylinder will cause higher compression and 
detonation. 

<f) Insufficient or no ftiel . The person making the diagnosis has two choices of where to 
start, and knowing the using unit and the operator's habits will help locate the problem 
more rapidly. After checking the fuel tank to insure that the item of equipment has not 
run out of fuel, you should then check for leaks on the suction side of the ftiel supply pump, 
Then check fpr clogged system. Loose connections between the tank and the fuel pump 
will allow the pump to gc* air and fail to supply the fuel. Leaks between the fuel pump 
and the Injectors can be easily detected by observing the fuel that is forced out. This 
will keep the pump from supplying the fuel at the proper pressure* Either of the abuve 
problems can alBo be caused by faulty installation. Some engines are used where another 
source? of ftiel can be connected. If the source is too far away or too low, It will act as 
a restriction or leak. If the diameter of the line is too small, it will act ae a restricted 
lino. There are other problems created by faulty installation which will prevent the 
proper amount of fuel from being delivered to the cylinder, Improper Installation or a 



2-22 



56 



defective fuel Intake line check valve (fig 2-91 will allow the ftiel to drain back to the 
supply tank or prevent the fttel from flowing. The valve would close and stop the fuel If 
It was Installed backwards* A valve that falls to close would allow the fttel to drain 
back to the tank* The Installation of a substitute for the restricted elbow In the end of 
the outlet manifold (fig 2-91 would prevent the fuel pump from building up the required 
pressure to supply the injectors. The last Items to check for insufficient or no-fuel 
problems are the fuel pump and the injector control rack setting, A defective relief 
valve or worn pump will not deliver the proper "mount of fuel at the prescribed pres- 
sure* The pump le driven from the rear end of the lo ver blower rotor* It Is possible 
for the pump to be Improperly Installed or have a broken shaft and fall to operate. An 
engine that la receiving the proper amount of fttel should have about 1 gallon per minute 
flow through the return line with the engine operating at 1, 200 rpm* The temperature 
of the return fuel should not exceed 150° F* 




Fig 2*0* Typical fuel system, 

(ft) Excessive oil consumption* V*ry seldom Is an engine sent to the repair shop for 
excessive oil consumption* By the time the dispatcher or the equipment chief notices 
the oil consumption* the operator is complaining of lack of power or other engine prob- 
lems. Leaks can go for a long period of time before they are noticed unless someone 
keeps a close watch on the equipment records. Oil that Is being burned will show In the* 
exhaust smoke or through lack of power. External leaks are easy to locate and the 
engine should be checked dally and very closely just after repair for signs of oil leaks. 
The oh will leak through loose connections* defective lines, and loose or defective 
gankets* It can be blown out by high crankcase pressure caused by a restricted crank* 
case breather or defective cylinder parts* Internal leaks are hard to detect and locate* 
The oil leaks past the blower seals into the air box or through the oil cooler Into the 
cooling system. Oil which leaks past the blower seals can be dangerous* Oil, which 
leaks past the blower seals* can be forced through the air box into the cylinder, where 
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it is burned M fuel, causing tho engine to run away* The oil will act as fuel and keep 
the engine running, If the seal or gasket is completely worn out* the engine can 
get enough air and oil to continue operating after the fuel and the emergency 
air shutoff have been placed In the stop position- Lack of oil control at the cylinders 
can lie caused hy improperly Installed, stuck, broken, or worn oil control rings; by 
loose piston pin retainers; by scored cylinder liners, pistons, or oil rings; or by In- 
correct piston alinement caused hy worn crankshaft thrust bearings. The piston rings 
and cylinder can be visually checked for scoring by removing the covers from the sir 
box and turning the engine until the parts can be seen through the inlet ports. Of 
course, ovtfi filling the crankcase or using the Incorrect grade of oil will cause the 
engine to use an excessive amount of oil* 

(h) Kxeesslve crankcase pressure* Pressure above normal is caused by pressure escap- 
Ing from the cylinder past the piston, cylinder head gasket, and In rare cases the 
exhaust valve guides or pressure from the blower escaping past the "blower to block 
gasket" or the end plate* An obstructed breather will also allow the engine heat to 
build up pressure aa it expands* Exhaust back pressure will put extra pressure on the 
piston rings and gasket and possibly cause excessive crankcase pressure* If there is 
excessive pressure In the crankcase, the exhaust system should be checked as possibly 
the start of the trouble* Exhaust back pressure can destroy both the head gasket and 
the blower gasket* It will also cause heat and strain on the piston and rings which will 
stick and score* 

(0 Low oil pressure* Inexperienced persons think their engine needs an immediate repair 
if the oil pressure drops, but most of their problems are from using the wrong vis- 
cosity oil or from failure to keep the oil level at the correct level* If the engine la 
full of the correct oil the cause could be poor circulation* This \& often caused by the 
filters or the oil cooler being clogged. Excessive wear on the crankshaft bearings will 
allow the oil to flow through end back to the oil pan without lubricating the other parts* 
A defective oil pump will not supply the amount of oil required to keep the pressure up. 
fc rare cases, the pressure control valves fall to function properly and cause low oil 
pressure* If the engine has just been repaired, the cause is probably missing plugs* 
Sometimes the engine oil pressure is satisfactory, but a defective gag* or lines to the 
gage cause a false reading of low oil pressure* The lines become clogged, crimped, 
or otherwise restricted* preventing an accurate reading. 

<J) Abnormal engine coolant operating temperature* Coolant temperature plays an 1m- 
portant part in engine performance and efficiency. An engine that is too hot causes 
wear on the Internal parts and a loss of power. Overheating is caused by Insufficient 
heat transfer and poor circulation* Most overheating troubles are caused from lack 
of coolant. Some of the older engines have scale and other deposits that clog the cool- 
ing system and prevent circulation* Defective coolant hoses can restrict the flow and 
cause overheating* A hose that is collapsing is very hard to detect because it nor- 
mally collapses when the engine is operating at a high rpm* Loose fan belts will slip 
and not turn the fan at a speed that will draw sufficient air across the radiator to prop- 
erly cool the water. A defective thermostat can restrict the coolant flow, causing 
the engine to overheat or fall to close and prevent the engine from reaching the oper~ 
ating temperature* An engine that Is operated below the operating temperature wUl 
knock and fail to burn all the fuel delivered to the cylinder. In sxtreme-cold climates 
a shutter may be required to assist the thermostat, For additional trouble 
shooting hints check paragraph 24, 

(k) Miscellaneous Diagnosing engine noises and electrical component malfunction is the 
same ae for gasoline engines. 



0) General repair procedures* Order the parts required as soon as diagnosis is completed 
and you have determined which parts can be repaired, The vehicle, especially the 
engine, should then be cleaned if it was not cleaned before diagnosis* Steam or solvents 
and water should be used to remove the caked -on grease and dirt* Don't try to clean the 
engine while it is hot; allow it to cool to reduce fire hazards and to prevent cracking the 
hot components, The type of repair required, its location on the engine, and the engine 
application and model will determine whetbe ■ the engine will need to be removed from 
the vehicle or if the repair© can be made whlle.lt is mounted In the vehicle* This will 
also help determine what special tools and equipment will be required* If the engine 
must be removed from the vehicle, be sure that all connections are free before 
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attempting to lift It. Some components may require removal before the engine can be 
removed. Some components or parts may require removal for repair even If the engine 
1« not removed. When diPanaembUng. place the parts and components In a safe place to 
prevent los« or damage. As it is removed. Inspect each item for defects, positioning, 
and peculiarities, For example, the blower assembly will fit on either side of the engine, 
but It will work properly In only one place. Check its position In relation to the exhftmt 
manifold, water manifold, nywtael, and other external parts and markings (fig 2-10), 
Check the sige, threads, and position of nute and bolts. Check the location, shape, and 
nize of lines and electrical conductors. If necessary,, mark or tag the Heme, If the 
parts can be placed In, dome order, reassembly is usually much faster. After the parts 
have been removed, clean and Inspect them closely for wear, cracks, breaks, allnement, 
and proper operation. Many items may give satisfactory service, but be worn so badly 
that they would fail In about 1 day's operation. These are also dome of the parts that 
will be omitted from the Initial requisition. After the parts have been Inspected and re- 
paired or replaced, reassembly can begin. The parts are usually reassembled In the 
reverse order of disassembly. However, this is not true In all cases. Uje the TM as 
a tfulrle. rubricate those parts that need it and torque the nuts and bolts to specification. 
Make <m Initial adjustment on those components that require adjusting before attempting 
to crank the engine. 




t**lg2«lft. Rotation and accessory a*-ran£cments~~3-, 4-, and 6-cyllnder 

In-line engines. 

(L!) Urpajrg to t.yHtemSi 

<n) fooling rtyntem. The Detroit die Bel cooling system uaed In Marine Corps engineer 
equipment 1* a radiator and fan-type liquid~cooltng system. It consists of a radiator, 
fun, water pump, oil cooler, thermostat, and necessary hoses and pipes. The ther- 
mostat i*4 probably the moat troublesome part of the «yntem <fig 2*1 1), It becomes In* 
operative und require* replacement more frequently than any of the other parts. To 
replace It, drain the tiytiteni and remove the upper radiator hose and thermostat housing 
v atnr outlet, Hcmove the thermostat, inspect it, and check Its operation, It la 
checked by immerHtag In hot water; the thermostat ahould start to open at about 175° K 
untt hn fully open at about 185° F, depending on the thermostat aetHrtgt The opening 




•25 



59 



temperature is usually stamped on the thermostat. If the thermostat is satisfactory* 
rheck the way it waa installed an* the type used. It should he Installed so that the flow 
of water will assist opening and it should not bind or rub any of the other parts. Some 
of the thermostats have a email opening so that some of the coolant can circulate through 
.Se radiator when the thermostat is cloaeds do not nse a substitute that doea not have the 
opening. Defective thermos tat a are discarded and replaced, Place a new thermostat 
in the thermostat housing* replace both gasketa* and Install the thermostat housing 
water outlet. Install the hoses and refill the cooling eye torn* Some engines require tne 
vent on the thermostat housing to be opened when filling, The water pump* which is 
mounted on the front of the blower and driven by the lower rotor* circulates the water 
through the engine and the radiator when the thermostat ia opci. There are no repaira 
to the water pump itaelf; leaka between the pump and other parts can be repaired* but 
the pump assembly requires replacement. Leaks can often be stopped by tightening* 
but replacement of parts requires draining of the syatem and removal of the defective 
parts. To remove the pump, looaen and slide the hose toward the pump* remove the 
bolta from the outlet flange behind the pump* and the pump mounting bolts from the 
blower. Withdraw the pump assembly and Inspect it and the driver connection a, While 
the pump ia off, replace the water sllnger on the pump intermediate coupling and replace 
any defective parts. The alinger is secured to the coupling by an All»:i a eta crew that 
screws into the blower shaft, Inatall new gaakets and packing on the pump asaembly 
and install; be aure the coupling mating lugs are properly alined. The outlet packing 
is installed between the flange and the engine block; a gasket is alao used between the 
flange and the block. After the pump has been Installed* all bolts tightened* snd hoses 
replaced* refill the ayatem with the proper coolant 




Fig JJ*11, Typical cooling syatem with radiator and fan. 
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(b) Lubrication aye tern . Figure 2*12 illustrates the now of oil through a typical sarlas 71 
lubricating system. It includes the various components such as the oil pump* oil cooler* 
bypass and full- now niters* the pressure regulator valve, and the bypass valve. Most 
problsms with the lubricating system are caused by clogged systems* leaks* and worn 
or dafective parts which usually cause low oil pressure. Some of the problems can be 
located by attaching an oil- leak detector to the mstn oil gallery* removing the oil pan* 
and observing the amount of oil that drips from the pressure -lubricated parts 
while oil under pressure is being forced through the system* A clogged system will 
reduce the pressure and alow the now of oil* Sludge and other debris builds up In the 
small passage and either reduces the oil now or stops it completely. The oil passages 
should be thoroughly cleaned each time the component is removed and when the engine 
is disassembled. Solvent can be forced through the passages for cleaning and then air 
to blow out any loose particles. Remember that those particles may lodge at one of 
tha vital parts such as the crankshaft or camshaft bearings. They would than act as in 
abrasive end destroy the bearing. Defective valves in the system will also causs low 
oil-pressure readings* The valves usually stick open because of a clogged system* 
scorsd and binding valve parts, or weak or broken aprlngs. The valves are usually 
replaced as a part of another component rather than repaired. Parts that are preasurs- 
lubricated will wear, reducing the amount of restriction on the oil now. This allows 
the oil to now through the path of least real stance and reduces the pressure reading. 
Tha system is designed to lubricate properly whan the bearing clearance ia within sped** 
flcations and tha proper grade of oil is used* If tha leak detector forces too much oil 
by ths bearing* measure the shaft and check the clearance between tha shaft and the 
bearing. The clearance can be checked by meaaurlng the shaft and the bearing or by 
placing a placa of pi as ti- gage between the bearing and tha shaft, and applying torque 
to the bolts. Remove the plasti-geg* and measure it to determine the clearance* Plasti* 
gage cannot be used on solid bearings such as the camshaft; they must be measured. 
The bearings are replaced in sets; rsplace all main bearings, or all connecting rod 
bearings, or all camshaft bearings, or all balancer shaft bearings* The oil pump, 
which is mounted on the Nos, 1 and 2 main bearing journal* circulates the oil through 
the system and very seldom causes trouble. Shims are placed between the mounting 
base of the pump and the journals to aline tha pump and provide the clearance between 
the pump gear and the crankahaft gear* Any time the pump is removed, mark the shims 
and keep thsm in separata shim packs ao they can be reinstalled In the same poaltion. 
The clearance of the gears must be checked after each installation even if the old parts 
are uaed. The oil pump assembly is replaced as a unit. The oil pump intake scraen 
should be cleaned each time the oil pan is removed* Some problems are caused by 
defective indicators, or leaky, crimped, clogged, or defective lines or conductors. 
Tightening will often atop leaks at a connection. Clogged lines can be blown out. Other 
defects in lines will require replacement. Electrical teat equipment is required to test 
electrical -type pressure indicators. Electrical connections can be cleaned and tightened. 
Broken conductors must be repaired or replaced* Short circuits can sometimes be re- 
paired by wrapping with tape* Loose gaakets and worn seala are responsible for moat 
oil leaks* Any loose connection should be tightened to specifications during inspections. 
The seals must be checked closely during repair to determine if they are serviceable* 
The seals sometimes dry and become herd or collect abrasives and wear. They are 
designed to provide a close fit between the soft ssal Hp and a moving metal part* Ex- 
cept in rare Instances, the Hp is Installed so that it faces the oil, They are pressed in- 
to a recess, bolted into a seal retainer* or placed in grooves. The rear oil seal of the 
series 71 Detroit die eel engine is a 2- place seal that fits into a groove of the crank* 
case and the rear bearing cap. The seal can be removed and replaced without removing 
the crankshaft. Force the old seal out as the crankshaft is rotated and install the new 
by forcing it into the groove as the crankshaft is rotated. Some of the rear oil seal 
will require trimming so that tha bearing cap will fit properly* but do not trim too much 
or the seal will not atop the leak. If the mating parts are badly grooved or scored they 
must be replaced or repaired before the seal will be effective. 
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Fig 2*12* A typical eerie 0 71 lubricating system, 

<c) Air intake system . The Importance of an adequate supply of air (or the Detroit dlesel 
engine cannot be overemphasised* Many engine problems are caused by lack of air. 
Most engines are equipped with an oil bath or dry type of air cleaner and a blower or 
turbocharger. Clean air la drawn in by the blower and compressed to approximately 
7 psi in the air box. If any pari of the air cleaner or connections becomes clogged or 
falls to clean the air, the blower will fall to function properly. It cannot draw In a 
sufficient quantity of air or the dirt that gets through will score the blower rotors and 
other engine parts* A restriction on the suction aide of the blower will put a strain on 
the blower oil seals* It Is possible for the blower to draw the oil through the seals and 
force It into the engine* Clogged air box drains will cause the blower to create excess 
pressure which would blow out the blower seals or the handhole cover gaskets* The 
air cleaner oil pan should be checked dally and the air cleaner assembly thoroughly 
cleaned, dried, and serviced quarterly* The suction side of the air intake system 
should be cleaned when the engine requires major repairs* Dirt builds up In the pas- 
sages and partially restricts the air flow* The air box and drains should be checked 
quarterly and cleaned if necessary. When the handhole covers are removed, Inspect 
the inlet ports of the cylinder liners; rotate the engine and Inspect the piston rings* 
The blower rotors can be inspected by removing the air Inlet housing and rotating the 
engine. Operation of the emergency ahutoff can also be checked* The blower is « > 
placed as a unit rather than repaired* It is usually easier to remove and Install the 
blower, water pump, governor drive, and the fuel pump as a group* The water pump 
and other components can be removed after the blower Is removed from the engine. 
Before attempttng*to remove the blower, be sure all bolts and connections have heen 
removed* The blower slides forward and then is lifted away from the engine* 
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Remember that a new blower must be ordered that will work for the specific engine: 
correct rotation, mounting, and drive* Replace all gaskets before attaching the driven 
components and mounting the blower* Install a new deal and clamp over the end of the 
drive gear. Aline the drive gear and blower drive coupling by rotating the blower and 
sliding it into place* He mire all foreign matter has been removed from the blower and 
all connections are made before cranking or turning the engine or component; stop the 
engine Immediately and investigate the cause of any unusual noises. Check for air leaks 
at the air box and possible leaks between the air cleaner and the blower* 

(ct) Fuel svst eti^ and governor* Because the fuel system and governor are so closely re- 
lated, they are grouped together here, Rven though they are separate systems* the 
governor helps control the amount of fuel that la Injected Into the engine* The gover- 
nor Is driven by the front of the upper blower rotor. More than one governor la used 
to control some engines* There are several types of governors used with the Detroit 
dlesel engines and too much space would be required to discuss removal, Installation, 
and adjustment procedures for each* Therefore, It will be necessary for you to refer 
to the specific TM for governor Information* The controls that control it are re- 
moved* Figure 2*13 shows how the governor Is mounted and attached to the fuel In* 
jector control racks; components of the fuel system were shown In figure 2-9 # 



t* Injector control tube lever 
2, Fuel rod 
3* Bolt 

Governor cover 
5i Governor control houttnR 
6* Wetftht houslnR 
7* Bolt 

8, riftUht houftlnR cover 

9, Bolt 

10* Breather tube 
11 • Screw 

12. Throttle control lever 



Klg 2-13. Typical limiting speed governor mounting* 

Sumo whicles are equipped so that the furl can be drawn from cither a drum or the 
vehicle fuel tank* Such vehicle** are equipped with the nncessary connections and a 
:t-w:ty control valve 1 located between the supply tank and the fuel strainer. The fuel 
supply pump draws the fuel through the open passage In the valve* A leak at the con* 
(lections, strainer, or the valve on the suction °f the pump will allow It to draw 
In air and cause the engine to malfunction* These leaks are hard to detect and may 
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require putting pressure on the fuel on the suction Bide while the engine Is stopped. 
l)o not use too much pressure or the fuel supply pump seats will be damaged* The 
Hp of these tieals faces away from the fuel and a leak can be started easily* Leakage 
of more than one drop per minute Is excessive and requires removal of the pump and 
replacement of the seals* The posUtve^dtsplaeement pump 1b driven by the blower 
lower rotor* it 1b attached to the rear of the blower* A satisfactory pump will de- 
liver 1 gallon of fuel per minute through the fuel* re turn tube with the engine operating 
at l, 200 rpm* The relief valve In the pump assists In maintaining 40 to 60 pel In the 
fuel Inlet manifold with the engine operating at 1, 900 rpm* Any restrictions In the 
lines, strainer, filters, or a faulty relief valve will reduce the ftiel flow and the pres* 
sure* A restricted elbow located In the end of the outlet manifold also helps maintain 
the presaure* ft cannot be replaced hya substitute* The relief valve remains closed 
until the specified pressure Is reached, then It opens and allows the fuel to return to 
the tniet side of the fuel supply pump* This keeps the pump from building up excessive 
pressure and destroying Itself should the system become clogged* Dirt and water 
should be drained from the strainer and filter dally by opening the drain valve at the 
bottom of eacb housing and allowing about 1/4 pint of ftiel to drain* The strainer and 
filter should be changed every 500 hours when operating under normal conditions* 
.Some of the later model engines are equipped with a gage that shows when they should 
be changed* The fuel supply pump ts replaced as a unit except the relief valve which 
can be checked and replaced without removal of the pump assembly* The supply pump 
seals can also be replaced, but removal of the pump Is necessary* The ftiel Unes are 
disconnected from the pump and the pump disconnected and removed from the blower* 
Special tools are required to remove and install the seals* The Injectors receive thetr 
supply from the Inlet manifold and permit the excess fuel to flow through to the outlet 
manifold* They are located under the rocker cover with the valve mechanism between 
the valves of the 2 -valve (two exhaust valves per cylinder) head* They can be repaired, 
but are replaced as a unit by repair organizations because the facilities, test equipment, 
special tools, and skilled personnel to perform the repairs are not available* The In* 
jectors used in an engine must be the same stae; mixing them will cause erratic engine 
operation* Bach injector has its st&e and type stamped on a ta#; pressed Into its body* 
The Injector can be checked by holding down on the follower, which will cause the en* 
gine and injector to function similarly to a shorted spark plug In a gasoline engine* If 
the injector ts good, the operation of the engine will change when the follower ts held 
down so that the injector falls to function; a defective Injector will not change the en- 
gine operation when the follower Is held down* The Injector Is removed by removing 
the rocker covers, rocker arms, injector connector (jumper) tubes, and clamp and. 
then prying It up (fig 2-14) # 




1* 
3* 
3* 
4* 
S* 
6* 
7* 
8, 
9. 
10* 
11* 



Fuel inlet (supply) pipe 
Stud nut 
Clamp washer 
Injector clamp 
Rocker arm shaft bracket 
Fuel pipe connector 
Shaft bracket bolt 
Shipping cap 
Injector assy 

Injector* remover tool J 1227-01 
Fuel outlet (return) pipe 



Fig 2-14* Tn lector location, removal, and removal tools* 
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All openings are covered after a tube te disconnected or the injector te removed to 
keep out foreign matter* After removal, the Injector is tested to determine tf tt ts 
ettll serviceable* Before Installing an Injector, be sure the Injector hole tube (located 
tn the cylinder head) te clean to permit proper In eta Hat ion and Healing, Be sure the 
dowel pin hole ts clean and will permit the Injector to seat properly; Install the In- 
jector and clamp, then torque the bolt to specification* Reassemble and adjust the 
rocker arms; be sure the special bolts are used to hold the rocker brackets or the 
lubrication system will not function properly* install the Injector connector tubee (fig 
2-15)* These must be Installed with care because any fuel leakage would dilute the 
engine oil* After the Injector unit has been Installed and connected, tt must be timed, 
the control rack set, and governor adjustment checked* The timing Is adjusted by 
shortening or lengthening the push rod for the Injector rocker* A special tool Is set 
Into a recess to check the eetttng* When making the timing, control rack, and gover- 
nor eettlnge, follow the proceduree outlined In the TM. It Is Important that the pro- 
cedures be followed step by step. 



( e ) Cylinder block and head* Good judgment and a close Inspection will help determine 

how many parte and components must be removed to correct cylinder block and cylinder 
head defects* For example* there is no need to remove the engine assembly to repair 
the cylinder head If there Is enough room to remove the assembly. The head Is re- 
moved to repair or replace valves, gaskets, water nowles, and other defective cylin- 
der head parte* The cylinder head assembly must be handled with care because of the 
protruding parts on the top and bottom* The cam followers and the Injector tipn pro- 
trude through the bottom of the cylinder head* The cam followers can be removed from 
the cyllnedr head after the head has been removed from the engine* Figure 2-16 shows 
these parts for a 2 -valve head* After the cylinder head is removed fro™ the engine, the 




1* 
2* 
3* 
4* 
5* 
6* 
7* 
8* 
9* 
10* 
11* 
12* 
13* 
14* 
IS* 
16* 
17* 
18* 
19* 
20* 



Injector assembly 
Injector control tube 
Rack lever 
Injector control rack 
Tube eeal ring 
Injector hole tube 
Cylinder head 
Cylinder liner 
Cylinder head gasket 
Balancer shaft 
Cylinder block 
Camshaft 
Csm follower 
Follower spring 
Injector clamp 
Push rod 
Locknut 

Rocker arm clevis 
Rocker arm shaft 
Injector locker arm 



Fig 2-15* Fuel injector mounting* 
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1* Cam follower guide 

2# Cam follower guide bolt 

3* Cam follower 

4, Cylinder head 



|Fig 2*16* Cam follower and retainer assembly* 

valve parts, valves, and injector parte can be removed, cleaned. Inspected, and re* 
paired or replaced as needed. Again it Is necessary to check the parts, thair position* 
and location they are removed. (Note the special bolt that provides lubrication for 
the valve operating mechanism in figure 2-17* ) Check tha type of washers and seals or 
gaskets used as the parts are removed* The water openings In the head can be plugged 



1* Rocker arm 

2* Push rod 

3* Exhaust valve spring 

4* push rod spring 

5* Cam follower 

6* Cylinder head oil passage 

7* Bracket bolt oil passage 

6* Rocker shaft oil passage 

9* exhaust valve 

10* Exhaust valve guide 

11* Rocker shaft bolt 

12* Rocker arm shaft 




Fig 2*17* Lubrication of valve operating mechanism* 
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and pressure can be applied to teat (or leak*. Some leak* can be detected by eight; 
craoka usually appear at or near the valve seatSi After the valve springe are removed, 
the valve face, stem, seats, guides, an) spring tension can be checked and repaired 
or replaced. Replace those parts which cannot be repaired to specifications listed In 
the TM* Any repair or replacement of parts within the cylinder block, with few ex- 
ceptions, requires removal of the engine from the vehicle frame* Since the Detroit 
die gel engine can be used In a variety of equipments check the TM for removal pro- 
cedures* 

fljpeat warning ! Make sure that all connections are free before attempting to 
remove the engine* 

After removal from the vehicle frame, remove the necessary components and 
place the engine In a suitable position for It to be worked cm safely. Good judgment 
will help determine what parts must be removed. For example, the connecting rod 
bearings can be replaced by removing the oil pan and rod bearing cape, but removal 
of alt these plus the front end plate, flywheel, rear end plate, oil pump, and main 
bearing cape Is necessary to replace the crankshaft and main bearings* When re- 
moving the parts from the cylinder block, pay particular attention to the position and 
location of the camshaft, balancer shaft and weights, connecting rod and main bear- 
ing cap markings, timing marks* crankshaft thrust bearing, and the thrust plates. 
The piston and connecting rod are removed through the top of the cylinder block. To 
prevent damage to the piston rings, the carbon and ridge at the top of the cylinder 
liner are removed before removing the piston* Check the condition of the pie ton, 
rings, rod bearings, crankshaft journal, and cylinder liner; measure them to see If 
they meet specifications* Figure 2-1 6 Illustrates some used parts that are service- 
able and unserviceable* The bearings should be kept i n seta and with the same connect- 
ing rod If they are to be used again. New rings can be installed on serviceable pistons 
and In serviceable liners if the glaze cm the used liner is broken; new and used pistons, 
piston rings, and liners can be mixed in the Detroit diesel engine* Failure to break the 
glaze lengthens the time required for the new rings to seat* A hone with 120 grit stone 
or emery cloth can be used to break the glaze. The honing or sanding operation Is per- 
formed In such a way as to leave a c rise cross pattern the full length of the liner* After 
breaking the glaze, the liner must be measured again* When replacing the piston rings. 
It Is important that the graves are clean, the rings Installed properly and In the cor- 
rect groove, and that they have the specified clearance and ring gap* Some piston rings 
are marked with letters denoting top while others have chamfered edges or other marks 
which must face in the proper direction* In the military, It Is advisable to replace the 
rings on all pie tone and other unserviceable parts whenever one requires replacement, 
if time permits* If only one ring on a piston la defective, all rings on that piston must 
be replaced even If the other pistons are not removed* The pistons and liners can be 
replaced Individually If replacement parts are the same type as the others* All new 
and repaired parts are cleaned, dried, and lubricated (except as noted) before assem- 
bling and installing* A special puller la used to remove and install the liners* The 
liners are chilled for 2 hours (In dry Ice preferably) and the engine block heated In a 
tank of 180* F water for 20 minutes prior to liner Installation* The chilling and heat- 
ing operation Is timed so that the block Is removed from the water Just prior to installa- 
tion of the liner* No lubrication Is used when Installing trie liners In the block; they 
are cleaned and dried* It may be necessary to lightly tap the liner In a block using the 
name toot that was used to remove It* Handle the chilled liners with care as cold parts 
are easily cracked or broken* To measure the crankshaft main bearing Journals and 
replace the main bearings, the crankshaft must be removed* The main bearings are 
replaced as a set with the grooved part of the shells Installed In the upper part of the 
block* Note the position and location of the crankshaft thrust bearing* Before starting 
reassembly, be sure that all oil and water passage plugs are tight* Reassembly Is 
reverse of disassembly. When reassembling, Install the parts In their proper loca- 
tion and position them properly* Use new gaskets where gaskets are required* Check 
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A, Comparison of main bearings* 




B # Comfiaridon of pistons* 
Hg 2*ltt, Serviceable and unserviceable engine parte* 
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the fit of new and rewired parte and torque all bolt© to specification*, Be sure that 
all locking devices are the correct type and else, and are Installed properly. For ex* 
ample, don't try to use a etar lockwasher where a ap ring- type lockwaeli*r should be 
used. Us* gaeket cemant or other gaeket sealing material only on those gaskets speci- 
fied In the TM. The clearance and sealing of some of the Detroit dlesei engine parts 
ic critical and usa of the compounds Is Important* 

(f) Tuneupand ran* in. All engines, new or rebuilt, should be run -In and adjusted prior 
to releasing them for field operations* This insures that the engine Is properly ad* 
justed for the type appllcr \ and gives the new parts time to seat properly before 
being subjected to heavj oads* The TlW also specifies that certain nuts and bolts be 
retoroued ifter a specified number of operating hours. Some torque specifications 
require the engine to be at operating temperature. By running the engtne In a test 
stand or i r llir vehicle while In the shop. It can be observed and broken In under con* 
trolled conditions. After the engine has been run-in, adjusted, and Inspected, a 
quarterly service and Inspection Is performed. The engine Is then ready for releaae 
to the using uni t. 



d. Vroubleshootlng and diagnosis charts, The charts below do not list the symptoms and 
c*uc*s in the order of meet frequent occurrence* When troubleshooting a dtesel engine, keep 
an open mind and consider all possibilities* Listen closely to the complaint given by the operator; 
study the reported symptoms, locate the cause and correct It. The equipment operator should 
accurately report the trouble symptoms to the administrative unit* The administrative unit then 
takes prompt action In scheduling repairs* 

Table 2*2. Troubleshooting Chart for the Diesel Engine 



Symptom 



Probable cause 



Corrective action 



1. Engine i ills to turn 



h 4 Kngine oil too heavy for 
temperature 

c. Internal seizure 



1. 


Master switch off. 


1* 


Turn on and make sure 








It is functioning prop- 








erly* 


2* 


Start switch off* 


2 t 


Turn on and make sure 








It is functioning prop- 








erly* 


3* 


Transmission controls not 


3* 


Place controls In 




in neutral. 




neutral and atte* v pi to 








c**nk* 


4* 


Corroded or loose tor* 


4. 


Check, clean, and 




mlnais* 




tighten. 




Broken conductors* 


5. 


Replace* 


e. 


Battery output low* 


6, 


Recharge or replace 








battery ties)* 


l* 


Incorrect viacodlty oil* 


1, 


Drain and refill with 






proper-grade oil. 


l. 


Broken or damaged parts 


1* 


With clutch disengaged, 




or fluids in cylinders* 




transmlealon in neutral. 






attempt to turn engine* 








Failure to turn Indicates 








damage requiring repair 








beyond organizational 








level* 
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Table 2-2* Troubles hooting ('hart for the Diesel Engine "contd 



Symptom 



Probable cauae 



Corrective action 



2, E ngine tufng but tails to 
atari 

a< Low engine cranking 
a peed 



b, Sufficient cranking 
speed 



c. Insufficient engine 
power 



U Battery output low 



2, Improper lubricating 
oil 

3, Defective cranking 
motor* 

U Emergency ahutdown 
dosed* 

2, No fuel or Incorrect 
fliel* 



3, Air In fuel ayatem or 
fliel ltnea reatricted, 



4, Improperly timed in- 
jection pump, 

5, Injection nozzles not 
functioning properly, 

1* Clogged air cleaner and 
intake, 

2, Exhaust back preaaure* 

3, Inaufficlent fuel* 

4, Incorrect engine adjuat* 
m«nt* 



1, Check, clean, and tighten 
cable connect iona* Re- 
charge or replace battery(les)* 

2, Drain and refill with proper- 
grade oil* 

3, Check and replace if needed* 



1, Puah In emergency knob on 
inatrument panel* Open 

ir ahutdown at the engine, 
2* Check fliel level and fill with 
correct fliel If required* 
Drain off water and residue 
attueltank, fliel filter, and 
fuel strainer* 

3, Perform a fuel teat by dis- 
connecting the return line 
at the fliel tank and. If there 
la sufficient fliel, check the 
fuel linea for leaks or klnka 
and repair* Replace fuel 
filter elements If needed and 
fill the atrainer about 2/3 
full of clean fliel, If flow la 
atlll unsatlafactory, the fuel 
pump should be changed by 
field maintenance* 

4, Retime injection pump to 
engine* 

5, tfae clean fliel* Vent ayatem* 
Replace nozzlea If needed, 

1* Check, clean, and service* 

2, Check and correct* 

3, Perform fliel firm teat* 

4, Adjust exhauat valve clear- 
ance* Adjuat Injector timing* 



tt, Knglne doea not develop 
full power—uneven 
operation 

a. Insufficient air to engine 



1* Clogged air intake system* 1, Remcvo, c>ean, and service 

air cleaner* 



b* Air leak** around intake 



1, Koose bolts and nutfl* 

2. Defective gasket* 



1* Tighter* to proper torque* 
2, Refer to field maintenance 
for replacing* 
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Table 2-2. Troubleshooting Chart for the Diesel Engine—contd 





Symptom 




Probable cause 




Corrective action 


c. 


Poor fael 


1. 


Improper grade. 


1. 


Drain and refill with proper 












grade of fuel* 


d. 


Air in fuel Byotem 


1. 


Leake in fuel system* 


1. 


Repair leaks; vent fuel 












system* 




Internal wear or damage 


1. 


Defective valves or pibtons. 


1. 


Refer to field maintenance 












for repair. 


4, 


Kntfine noises 










a. 


Sharp rap at idle 


1. 


Loose piston pin. 


1, 


Locate taultv Din by short- 












circuiting spark plugs or 












venting nozzles until noise 












stops* Refer to field main* 












tenance for repairs* 


b. 


Flat slap when increas- 


1* 


Piston slap* 


I, 


Refer to field maintenance 




ing speed under load 








for repair* 


c. 


Metallic knock when 


1. 


Faulty connecting rod 


I, 


Refer to field maintenance 




idling or slowing down 




bearing. 




for repair. 




that disappears under 












load 










d. 


Constant knocking 


1. 


Low engine-oil level* 


I* 


Check and fill to proper level 






2. 


Overheating* 


2* 


Check coolant and oil level* 












Refill to correct level* 


e. 


Constant rapid clicking 


I. 


Incorrect valve adjustment* 


I. 


Adjust to specified clearance* 


f, 


Combustion knock 


1. 


Improper engine temperature. 


I. 


Keep temperature at 0|>erat- 












ing range. 






2. 


Poor fuel or water in fuel* 


2. 


Drain and refill with proper 












grade of clean fuel* 






3. 


Incorrect injection timing. 


3* 


Retime injection pump to 












engine* 






4* 


Defective injection nozzle* 


4. 


Replace nozzle. 



f 1. 


Insufficient oil* 


I. 


Fill to correct level. 


2* 


Incorrect oil* 


2, 


Drain and refill with proper 








grade oil* 


3, 


Defective pressure gage 


3* 


Check pressure gage and lines; 




and lines. 




replace if needed. 


4. 


Poor circulation. 


4. 


Replace engine-oil niter 








elements. 
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Tabic 2-2* Troubleshooting Chart for the Diesel Engine—contd 





Symptom 




Probable cause 




Corrective action 


6* 


Loss of engine oil 












pressure 










a* 


Kow oil level 


1* 


Normal use or leaks* 


I* 


Determine cause and fill 












with proper grade of oil* 


b, 


flogged oil filter elements 


1* 


Operation in dusty con* 


1* 


Change filter elements* 








ditions and not changed sften 












enough. 






c, 


Defective oil-pressure 


1, 


Broken Indicator, 


1. 


Replace* 




indicator or line 


2. 


Crimped or broken line* 


2, 


Replace, 



7* Excessive engine oil 
consumption 



b* External leaks 



c* Internal leaks 



1, Operating on excessive 
slopes, 

2, Overfilling crankcase, 



I. Loose, cracked, or dam* 
aged parts* 



2, Excessive crankcase 
pressure, 



I, Defective gaskets or 
oil cooler* 



1* Restrict slope operations 
to recommended limits* 

2, Fill to specified level* 
Drain to correct level If 
overfull* 

1, Check, tighten, and /or 
replace the defective 
parts around the oil pan, 
valve covers, filters, and 
hoses* 

2* Refer to field maintenance 
If repairs are required* 
Clean air box drains* 

1, Check radiator for nlgns 
of oil, Refer to field 
maintenance If repairs 
are required* 



2-4* COOLING SYSTEMS 

a. General, Problems with the engine cooling system can be reduced to one problem, 
overheating* Troubleshooting for correction of overheating should not be confined strictly to 
the cooling system as other vehicle components can also cause this condition, See table 2*3 for 
troubleshooting procedures* The most common cause of engine overheating Is shortage of 
roolant* There are many causes of overheating that are easily confused with coolant shortage, 
since this condition always follows overheating after the coolant begins to boil violently* As a 
practical guide, all overheating can be divided into three general types based on the following 
conditions preceding overheating! coolant shortage from overflow loss, coolant shortage from 
leakage* and no coolant shortage* Determine which of these three conditions existed before 
boiling occurred* AH causes of overheating finally result In violent boiling and coolant overflow 
loss. Therefore, It is not safe to assume that coolant shortage was the original cautt' of over- 
heating, merely because the coolant level Is low when the overheating is discovered, To 
determine for sure whether the overheating is due to shortage of coolant and not something else, 
the test must begin with the coolant at the correct height in the radiator and the coolant tempera* 
ture must be well below the boiling point* Then run the engine until It overheats, During the 
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time the engine is being run, it can be determined if leakage or overflow lose occurs before 
the coolant boils. In the following paragraphs we will cover some of the problems in the cooling 
system* 

b. Preliminary diagnosis* The preliminary troubleshooting is done with the engine running- 
vehicle aiationary. Check the coolant level frequently to see if it rises or drops noticeably before 
the boiling temperature is reached. At the ime time, watch the engine temperature gage to 
keep track of the rise in coolant temperature* The type of overheating la determined by 
observing whether coolant shortage from overflow lose or leakage takes place before boiling. 

tt Is also a good idea to Inspect the entire cooling aye tern during this stage as a broken fan halt, 
tor example, could cause overheating, but would be relatively simple to remedy* 

c. Preliminary road test Since the preliminary diagnosis la made with the vehicle standing 
without any load on the engine, its usefulness Is ltrrUed. A road teat which duplicates operating 
condltlone la often required to determine the type of overheating. 

Table 2-3* Overheating and Overcoollng Diagnosis Procedure 



lh agnosia 




ociQ w ion 




corrective action 




1 * 


coo mm ieveit 


l 


Phot* It ^nnlant 1 D^ftll If 
^nvcH cooituii IflVei* tie lull li 










necessary* 




2. 


Defective pressure cap. 


2. 


Replace defective parts* 






gwiBi* sno seat* 








O 

*Jt 


♦ fiiiifcjr Mtn ttuu water f-^i 1 1 1 ■ §#■ 




nujuoi or rvpipcv Etc i v^uirsa* 






hah 

(J til I* 








A 
^+ 


incorrect on icrvei* 




£*aH iTl UlC uip Efitc k lor luw or 










uiwHUaiijf nign on iuvsi* 11 wo 










nign* enflCK tor internal leaits* 




O* 


r rusen cooient* 


0* 


l Haw cowling bybibih dccoruing 










io proceaurv ouumea in venicie 










1 M* 




fl 




A 


Pi eta n anri Htrtttahtfin tina TPaaI 
^leSii ano oirBiunwn line. * wi 






oft Act a 0 am 














that would Indicate clogging. 










Refer to higher echelon* 




7. 


Collapsed upper and lower 


i. 


Replace as necessary* 






hoses. 








8. 


Coolant foaming* 


8. 


Replace coolant and repeat 










test* 




9. 


Coolant level rise or 


9. 


Watch radiator filler neck; If 






drop* 




abnormal rlae Is noted, follow 










overflow loas diagnosis proce- 










dure. If abnormal drop la 










noted, follow leakage diagnosis 










procedure* 




10. 


High level coolant 


10. 


Follow diagnosis procedure 






boiling. 




for overheating not preceded 










by coolant shortage* 


Ij. Overflow loss. 


1. 


Pressure cap, gasket. 


1. 


Test preasure. Clean seat* 






and seat. 




Hep lace gasket* 




2. 


Upper radiator tank 


2. 


If baffle Is loose, refer to 






baffle loose* 




higher echelon* 




3. 


Leaks abova coolant 


a. 


Locate and corract leaks. 






level. 








4. 


Defective upper and lower 


4. 


Remove and examine, replace 






radiator hoses* 




if necessary. 




5. 


Hemoved thermostat. 


5. 


Reinstall thermostat. 




8. 


I,oose or worn water 


6. 


Tighten or replace. 






pump drive belt. 







ERIC 



2-39 



73 



Table 2-3. Overheating and Over cooling Diagnosis Procedure- -contd 



Ulngnoais Condition Corrective action 



b. Overflow Iobb 



7. Combustion gaa leakage* 7. 



c. External leakage 



d. Internal leakage 



Overheating-no coolant 
ahortage 



9. 



Faully thermostat wive 
operation. 

Clogged coolant passages. 



8. 



9. 



1. Leaking hoses, pipes, or 1. 
connections* 

2. Leaking radiator core, 2. 
seams, tanks, and jolnte. 

3. Leaking water pump shaft 3. 
and housing. 

4. Leaking thermoatat housing. 4. 
St Leaking cylinder head 5. 

joint. 

6. Leaking cylinder head 6. 
bolta or atuds* 

7. Leaking core hole pluga 7. 
or drain cocks. 

8. Cracks In engine block or 8. 
head casting* 

1. Internal water jacket leak* 1, 
age. 



1. Obstructions and faulty 1. 
conditions. 



2, Worn or faulty fan blades, 2. 
fan shaft, and bearing* 



3, Faulty ignition timing, 
centrifugal and vacuum 
spark advance, 

4. Faulty exhaust aystem. 



3. 



4. 



Correct as outlined In 
equipment TM. 
Replace thermostat If valve 
Is defective* 

Remove cylinder head and 
inspect for clogged water 
transfer holes, nozzles, and 
other passages. Determine 
if correct head gasket was 
used and properly installed. 
Correct any troublea found* 

Tighten or replace. 

Replace radiator. 

Repack seal or replace pump. 

Replace gasket. 

Tighten or replace gasket 

Tighten or remove and seal 
threads or replace. 
Tighten or remove and aeal 
thread a or replace. 
Replace head or engine. 



Remove cylinder head, check 
head gasket, head, and block 
gasket surfaces, cylinder 
bores, combustion chamber, 
and water jacket for evidence 
of leaks, blowby coolant 
obstructions, and any other 
defects. Note whether gas- 
ket was properly Installed. 

Clean passages, brush 
guards, shutters, and air 
Inlet screens. Straighten 
radiator air baffles, fins, 
and fan shroud. 
Check bladee for pitch and 
tightness. Check shaft 
and bearing for wear and 
end play* Repair or replace 
ae necessary. 
Adjust ignition timing. 

Check exhauet system for 
back pressure. Replace 
defective port or refer to 
higher echelon. 
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Table 2-3* Overheating and Over cooling Diagnoeie Frocedure-*contd 



Diagnosis 




L ona ition 




Corrective action 


\ jverneating*no coolant 


e 
9* 


Loose water punip ariv© 




lighten or replace 11 


shortage 




belt, 




necessary* 




6, 


Faulty temperature gage 


6, 


Test and replace if neceaaary 




tf 

7* 


Collapsed upper or lower 


7, 


Replace if neceaaary* 






radiator hoses* 










U nit 1 tL A ah* — ji A.— . A. 

rauity thermostat* 


u 


"imt nH J hAhIkAB tf H Bft An -halt 

i est ana replace u necessary 






Clogged radiator* 


9* 


Test radiator for clogged 










condition Dy oDeervtng 










gravity now from outlet. 










Flush if necessary. 




10 


C*\rttra&t\ r/w^lant n&flfUfcJPfia 


10 












clear clogged water transfer 










holes, nozzles and other 


• 








passages, 




u. 


Faulty valve timing, 


u. 


Adjust timing as required. 


f, Overcooling 


i. 


Faulty thermostat. 


i. 


TeBt thermostat and replace 










ir it Is defective* 




2, 


Faulty temperature gage* 


2. 


Test gage and replace if 










dsfective* 




3. 


Extremely cold weather, 


3, 


Partly shield radiator. 






underloading, or short 




Operate engine until It is 






operating periods* 




at proper temperature. 



d. Special troubleshooting instructions , 



(1) Frozen coolant, Frozen coolant may be checked by examining the coolant In the upper 
radiator tank or by attempting to draw it into a hydrometer or by opening a drain cock* 
Squeezing the radiator hose is not a dependable test* because the hose may feel hard 
when cold even though the coolant is not frozen, 

CO Thaw solid freeze -up , If water is allowed to freeze solid in the cooling system, the 
practical way to thaw it out, without causing farther damage to the engine or cooling 
system, is to allow the vehicle to stand in a warm place or keep the cooling system warm 
until all the ice is melted. Under no circumetances should operation of the engine be 
attempted with the coolant frozen solid* 

<3> Thaw riiunh freeze -up. At temperatttrea below the freezing point of antifreeze solution 
there is n« solid freezing, but a mass of small ice crystals is formed In the solution 
which may stop circulation through the radiator. The safest way to thaw out a slush 
freeze-up is to stand the vehicle in a warm place without running the engine, if certain 
precautions are followed: 

Cover radiator anil loosen pressure cap until It reaches VENT position. 

With vehicle standing, run the engine as slowly as possible. 

Watch the temperature gage closely and stop the engine whenever the gage indicates 
that coolant temperature is approaching the boiling point, 

Uo not a* tempt to drive the vehicle until the entire rmliator rorf feels warm, 
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UNITED ST A TIB. MARINE COUP* 
MAM INC CORK INftTlTUTf, M Aft INC MftftAGIW 
•OI 1776 
WASHINGTON. D,C* 200U 

ENGINEER EQUIPMENT MECHANIC 
Lesson 2 
Knginc diagnosis and Repair 
STUDY ASSIGNMENT: MCI 13*41c, Engineer Equipment Mechanic, chap 

LKHSON OBJECTIVE: Successful completion of thla lesson, combined with on-the-job 

training using the principles presented* will enable you to diag- 
nose gasoline and diesul engine problems and perform the nec* 
essary repairs. 

WHITTKN ASSIGNMKNT: 

A, Multiple Choice: Select the ONE answer which BEST completed the statement or 
answers the question. After the correaponding number on the answer sheet, black- 
en the appropriate box* 

Value*: 1 point each 

1 * The act of recognizing a problem from the symptoms is known as 

a, diagnosing, c. adjusting* 

b, troubleshooting, d, repairing* 

2, How can the operator assist you in diagnosing engine malfunctions? 

a. By performing the daily maintenance 

b. By providing the equipment specifications 

c. By providing the necessary tools and equipment for repairs 

d. By explaining the action of the engine 

3, If u buttery- cranked engine fails to crank, what check do you make first? 

;l. Method of r ranking c, Starting circuit 

h, Battery c iblc connections d. Defective attachment 

4, Which will NOT affcet starting of a gasoline engine that is being cranked at the proper 

speed? 

a, Air-fuel mixture 

b, Spark across the spark plug air gap 

c, Compression of the alr-fucl mixture 
cl. Amount of oil In lubrication system 

5, Itrmoving a hi^h- tuns ion lead <tnd checking the spark as the engine is cranked will 

NOT indicate 

a, Hpark plug condition, 

l> tiial the is functioning, 

< , that the contaet pointy ure functioning, 

(l, that the ma no to is functioning, 
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6, When tht? gnsrtUne engine in cranking at the proper speed and there Is no spark at 
the high* tension what Is the first chuck to be made? 

u, lottery c. Conductors 

b. Coil d. Moisture 

7 T The spark plugs in a gasoline engine that Is usin^ an excessive amount of oil will ha\i 

a. blisters on the porcelain* c, an excess of dark oily carbon. 

b, Hcalcs on the porcelain, d 4 badly burned electrodes. 

a. What Is NOT indicated by a low- com press ion reading? 

a. Carbon deposits c. Defective rings 

h. Infective valves d. Defective head gaskets 

!>, What i* the first check made to locate the cause of high oil consumption? 

u. Compression lest c. Crankease ventilators 

b. Visual inspection for leaks d. Spark plug condition 

10* Overheating of a liquid-cooled gasoline engine U usually caused by Insufficient 
engine oil, insufficient coolant and 

u # improper fuel* c* overloading* 

b, high Hl'M'st d* small passages* 

1 1 t Which engine problem is the hardest to diagnose? 

a. Overheating c. Ignition failure 

b. Noises d* High oil consumption 

12, A dull thud or knock heard when the engine Is loaded indicates 

a, loose main bearings* c* loos* compression rings* 

b, worn wrtstptn bearings* d# excess valve lash* 

13. An engine with a metallic knock that is loudest when the engine Is Idling at about 
2, 000 rpm probably has worn 

a. connecting rod bearings. e. timing gears, 

h. main bearings, d* valve guides* 

14 T Wfiich kne*ckitig noise will be more severe when a a park plug is shorted out? 

a. Main bearing c. Pistou pin 

b. Connecting rod bearing d. Valve tappet 

1 r> T Which knocking noise will disappear or i>c reduced when a spark plug is shorted cut 
fi. Pis'on pin c, l**lywhc<*l 

\t T VuXvi* tappet d T Main un<* connecting rod bearing 

1 tf T \\ liat is the firtil check l o make if a squeaking noise Is heard when an engine is 
accelerated rapidly** 

•i. \V;iter |>uni|> c. tU*ar train 

l>. Van belts d, Cri*neratcir 
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17* Low oil pressure, combined with a knocking noise, would probably indicate a 

;i* worn main bearing* c* defective oil pump* 

h* clogged oil filter, d. defective relief valve* 

IE* In a gasoline engine, what is the moet common cause of toss of power? 

u* Misfiring cylinders c» Worn rod beatings 

b. Worn main bearings d* Worn piston pins 

If there is doubt about the serviceability of a sealed component, what should be done? 
ii* Disassemble and repair it* 

b # Replace It or refer to the proper echelon for repair, 

e* nobis tall unlt a** is* 

d* Clean, adjust, reseal, and install, 

20* What could happen if a spark plug is overtightened? 

a. The spark plug would be distorted, 

h, A perfect seal for compression would be provided, 

c* The engine would produce more power, 

d # It would prevent exhaust gaBes from escaping* 

21. On the Hriggs and Stratton gasoline engine, the crankshaft end play is adjusted by 

a, adding or removing gaskets* 

b, adding or removing shims* 

c, using underslze or oversize thrust bearings* 
d* using the adjusting nut on the crankshaft, 

22, Which services should be performed before attempting to diagnose the diesel engine 9 

a, Before- ope ration c, Weekly 

b* After- operation t (. Quarterly 

23* If a diesel engine will turn backwards, but not in the normal direction, the trouble 
is probably 

a, a defective head gasket* c* seized main bearings* 

b* water In the cylinder, d # defective electric starting circuits* 

24* What would be indicated when a Detroit diesel engine is operating at 1, 200 rpm and 
about one gallon of fuel per minute is returned thru, the return line? 

a Bad fuel pump Ct Excess return flow 

b. ^sufficient return flow d, Normal return flow 

25 ( . Mow will the engine respond if two different- size injectors are Installeu in an engine? 

a. It will fail to start, c* It will operate erratically. 

b. U will be harti to «tart* d* It will operate normally* 
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U* Matching: Hi each of the groups below (items 26 through 40)* match the cause in column 2 
with the appropriate symptom in column 1, After the corresponding number on the answer 
sheet* blacken the appropriate box* 



Valium 1 point each 

Column I 
SYMPTOM 



Engine fails to turn 
20. Cranking motor Inoperative 

27. Engine oil too heavy for temperature 

28. Internal seizure 

Engine turns but falls to start 

Ijow engine cranking speed 

30. Sufficient cranking speed 

31* Insufficient engine power 

Engine does not develop full power~ 
uneven operation 

32. Insufficient air to engine 

33* Air teaks around intake 

34* Poor fuel 

3>, Air in fuel system 

36* Internal wear or damage 

Engine noinQB 

37. Sharp rttp at Idle 

38, Metallic knock when idling or slowing 
down that disappears under load 

3D. Cr.nnlant rapid clicking 

40* Combustion knock 



Column 2 



CAUSE 



a. Master switch off 

b* Poor fuel 

c. Broken or damaged parts 

d. Emergency shutdown closed 

e. Incorrect viscosity oil 



a. No fuel or Incorrect fuel 

b. Incorrect engine adjustment 

c* Transmission controls not In neutral 

d. Battery output low 



a* Defective intake manifold gasket 

b* Leaks in fuel system 

c* Defective valves or pistons 

d* Clogged air Intake system 

e* Improper grade fuel 



a. Faulty connecting rod bearing 

b. Incorrect valve adjustment 
c# Loose piston pin 

d* Piston slap 

e* Incorrect injection timing 



Total Points: 40 

# * «< 




i a. 4 1 

lmi 2; (j. 4 
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Chapter 3 



DIAGNOSIS AND REPAIH OF POWER TRAIN COMPONENTS 



Chapter objective it A student successfully completing this chapter will be able to Identify 
the procedures necessary to dlagnoie and correct malfunction* of the: 

1, clutch* 

2, transmission, 

3, propeller shaft, 

4, differential and final drive* 

3-1, GENERAL 

The parti and components of a vehicle used to direct the energy produced by the engine to 
the part doing the work are called the power train, Webster's dictionary defines power train 
under two wordit 94 power* mechanical or electrical force or energy, " and "train-a aeries of 
moving pieces, aa wheels end pinions, for transmitting and modifying motion* ** From these 
definitions, you can see wby the energy that flows tram the engine to the work la transmitted 
through what li called the power train: the power must be modified* A device ft"* slowly engaging 
the power la necessary to prevent excessive loads end shock on the engine components and the 
vehicle* Devices are needed to change the direction of power flow If one engine la to provide 
power to propel the vehicle and perform other Jobs* Devices are needed to provide different 
power end speed requirements so that the vehicle can do more than one job economically at one 
tiim * A device la needed that will allow stopping one or more operations without interfering with 
another* These are called clutches, transmissions, propeller shafts, differentials, final drives, 
brakes, and other special-type systems* Like other vehicle components, they will develop mal* 
functions that you will be required to locate and repair* Diagnosing malfunctions or and repairing 
these components is similar to engine diagnosis and repair: follow the flow of power, isolate the 
problem, and perform the repairs* To properly diagnose the malfunctions and repair some of 
the components, you will need special tools Such as pullers, measuring devices, and test equipment* 

*-2* CLUTCHES 

An engine has very little torque when operating at slow speeds* Also, more power is re- 
quired to Blurt moving a vehicle or its machinery than to keep it going once it is in motion* 
Hence, it 1b desirable to have a device that will allow the engine speed to be Increased before it 
ib required to atari muvlng the vehicle or its components* But* as stated In the preceding par- 
agraph, a sudden connection of the engine to the power train would result In a severe shock and 
poaeible damage* Such shock can be avoided by slowing the engine epeed and using one of the many 
typi*** of devices to connect the engine *o (Jie power train* thus gradually applying the load* The 
engine will not be overloaded and there will be no sudden shock* This device Is called the 
clutch* There are mechanical, electric*!, and hydraulic clutches available to perform this 
job. For this portion of the course, only the mechanical clutches will be discussed unless 
they are combined with another type for a specific application* The mechanical clutches are 
disk, expanding, contracting, and cone types. They operate on the principle of pressure 
and friction and can be used anywhere that there Is a need to break the power flow in the 
power train* 

a* Engine clutch. The engine clutch is often referred to as the master clutch* it is the main 
clutch between the source of power and the vehicle components* A vehicle may be equipped with 
any of the clutches listed above, but the plate disk type la the. most popular* 

(1) Mohile crane * The carrtcr (truck) englite clutch (fig 3-1) Is or the adjustable, dry disk, 
imtih-type construction* It la model 14-ML manufactured by the Lipe- Roll way Corporation* 
It is a single plate clutch attached to the engine by mating the slots in the flywheel rtag 
with the driving lugs on the pressure plate* The driven disk is spllned to the transmission 
shaft* The driven disk la the part that connects the engine power to the transmission* 
Spring tension (10, fig 3*1) causes the levers to move and squeese the driven disk 
between the pressure plate and the flywheel: the pressure and friction cause it to turn 
with the flywheel* When the spring is compressed, the pressure is relieved and re* 
tractor springs (17, rig 3-1) pull the pressure plate back and allow the driven disk 
to move away from the flywheel* Maintenance of this clutch, other than lubrication, la 
performed at the field maintenance level* 
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Engine flywheel 
Driven disk facing 
Facing rivet § 
Pressure plate 
Clutch flywheel ring 
Adjusting shim* 
Adjusting strap 
Flywheel ring stud nut 
Lock washer 
Pressure spring 
Spring equaliser ring 
Clutch release bearing 
Sleeve 

Lever locking bal's 
Adjusting plate 
Spring retainer pin 
Retractor sprbig 
Pressure levers 
Fulcrum rirtgs 
Snap ring 

Flywheel ring stud 
Driven disk assembly 



Fig Sectional view of the 150-T48 truck- mounted 

crane-shovel carrier engine clutch* 



(a) Ijiaflnotfjtf * Most problems with the 150~T46 crane-shovel carrier engine clutch are 
listed under four heading**; slipping, grabbing, rattling, and dragging. Although the 
clutch will wear from nurmnl use, moat problems are caused by Improper lubrication 
.-mil operation* The operator either fails to lubricate or else he ovcrlubrieates* lie 
will drive with his foot resting on the clutch peclpl and slip the eluteh excessively. 
Slipping will wear the clutch faelng ;ind eause heat which will weaken the springs, warp 
the disk, and damage other cluteh parts* In the discus a ion that follows* notice that 
errtain caucus will apply to each problem* For example* oil on the linings can cause 
slipping, grabbing, and dragging. 

Slipping, This is prol>abiy the cnusc of moat engine clutch problems, The first in- 
dication Is a change in the distance that the clutch pedal moves to engage and disen- 
gage the eluteh , The pedal rises up farther than normal before the clutch will engage 
;imiI niHve the vehicle, There Is also a difference in engine operation; it will main- 
tain sufficient rpm to prevent excessive lugging when applied to loads that woulu nor- 
mally cause it to stall or require n lower gear ratio. This docs not mean that the 
clutch will slip so much that the engine will not move the vehicle. There are many 
etiusetf for n slipping eluteh, but ovcrlubricutlon and Improper adjustment j»re the 
firut things to check, You will notice that these first two cause 8 are listed on equal 
terms* Knowing who the operators were and their lubrication and operation habits 
will help In diagnosing the problem and determining the true cause of the problem, 
ff the cluteh is clipping because of overlubrication, M will soon wear to the point that 
un adjustment is required, [f the linings are oil-soaked from ovcrlubrlcatlon, nn 
adjustment will «to very little good or not las: very long* However, if there art? no 
nlgns of exeeus grease or oil in the clutch compartment, an adjustment may be all 
tli.it Ih required. Tbe cluteh is adjusted so that there is I I /J2-in, free movement at 
the ehiteli pedal. It requires adusting when tbe re \\f*\ in. or less free movement 
r>f the rluteb pedal wltb the clutch engaged ur when the |>edal Ktrikes the floor, A 
weuk pressure spring will fail to apply the necessary pressure and will allow *h<* 
eliiten tn blip, Worn disk linings also cause eluteh slipping* In addition to wen ring* 
tite linings rtomeiimrs become gln/ed ami slip, 
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8# firahbinfl . There are many things that will cause an engine clutch to grab* but the 
easiest place to start checking ie the control linkage* The linkage must work freely 
to engage the clutch smoothly* Bent, broken* or corroded parts will cause the link* 
age to bind* An oil-soaked lining will also cause thi* clutch to grab. It will slip 
until sufficient pressure lb applied to overcome slipping, then it will grab* Loose 
engine mountings will allow the engine to rock far enough to cause clutch grabbing. 
Worn or burred splines and weak or broken retractor springs will prevent free and 
even movement of the clutch disk and cause it to grab* Weak or broken pressure 
levers will cause the driven disk to bind on the splines* Cracks or heat checks on 
the pressure plate or flywheel do not provide the smooth surface required for smooth 
clutch operation* 

JJ* Drag ging. Slipping and grabbing to moBt people are self-explanatory, but when 
dragging is mentioned, many different definitions are thought of* Some think of the 
clutch contacting and rubbing some part of the vehicle* Some think it is one of the 
parts worn so badly that it is reducing the amount of power delivered to the trans- 
mission* But for the purpose of this text, it means the clutch has not completely 
released and stopped turning even though it is In the disengaged position* The 
driven disk contacts the flywheel or some other turning object with enough pressure 
to cause it to turn* It acts as if it has been adjusted too tightly, and improper ad* 
justment is the first thing to check* Oil or grease on the linings can cause them to 
swell and drag. An accumulation of dirt in the clutch can cause it to keep turning* 
Damaged splines on the clutch disk or the transmission shaft, and weak or broken 
retractor springs may hold the clutch disk In contact with the flywheel* Warped 
parts can force the clutch Into the flywheel and cause it to turn* It is also possible 
for the clutch facing to break and wedge itself or some other material beside the 
driven disk causing the clutcn to drag* The driven disk and all parts that rotate 
with it must be tree of any parts that rotate with the engine* This includes the pi* 
lot bearing mounted In the flywheel to support the end of the transmit a ion shaft that 
the clutch disk is spllned to* 

4* Rattles * A rattling or knocking noise on any machine is probably one of the most 
difficult type of problems to diagnose* It is hard to locate just what part of the 
vehicle is rattling* Even after the rattle has been traced to a specific component, 
it is still difficult to pinpoint the cause. However, some of the causes for rattles 
may also cause other problems such as dragging. Weak retractor springs can 
cause rattles and can also be associated with a dragging jlutch* Weak springs will 
not hold the driven disk firmly and cause both the disk and the springs to rattle* 
The noise is usually more pronounced when the clutch is disengaged* A loose fly- 
wheel ring bolt will allow the clutch »o **attle and may be associated with grabbing* 
slipping, or dragging* The looseness of the flywheel ring allow* the clutch assem- 
bly to float Into and away from the flywheel at random* This In-and-out movement 
is not always even and can cause other symptoms* Tbe metal-to- metal contact is 
what causes the rattle* A poorly centered release yoke will also cause rattling* 
Vibration of the transmission shaft will cause the metal yoke to strike the release 
bearing, causing a rattle* This may also cause a grinding* squealing* or other 
noise* Tbe wear caused by a poorly centered release yoke may wear the release 
bearing which can cause other noises, including a rattle, In extreme cases* Re- 
lease bearing noise* other th.tn rattle, will be the loudest when the clutch Is par** 
tislly disengaged* The rattle may disappear when the clutch is disengaged* A 
worn pilot bearing can cause a rattle that will sound as if the rear engine main 
bearing is worn* The noise will decrease or disappear when the clutch is engaged 
because, when the clutch is engaged and there is no slipping* the pilot bearing, 
transmission shaft* and other parts turn with the flywheel as a unit, reducing or 
eliminating the noise caused by a worn pilot bearing* 

ibl Repairs . The transmission and clutch are removed as * unit from the vehicle for re- 
pair and replacement of parts* Because the clutch must be removed and special 
equipment is required for proper adjustment, the repairs und adjustments are per- 
formed by field echelon maintenance units. Some rattling problems can be eliminated 
without removing the assembly* The flywheel ring bolts can be tightened by removing 
the Inspection plate from the top and bottom, and rotating the flywheel as they are 
tightened* Adjustment of the clutch is accomplished by adding or removing shims 
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(0, fig 3-l)« The adjustment la chocked by uaing a straightedge across the 

of the clutch release sleeve and measuring the distance to the machine surface of the 
clutch flywheel rin#. Removing one ahim from each of the adjusting bolts will change • 
. rhe distance being measured approximately 3/32 111. The control ttnutge is adjusted 
when the pedal strikes the floor or to obtain 1/B-ln, clearance between the release 
sleeve and the releeec bearing. The clutch Is removed by dleconnectlng the drive shafts 
and linkage from the transmission and the control linkage from the clutch. Remove 
the bolts from the flywheel ring and the bolts from the housing attached to the engine. 
Slide the clutch and transmission to the rear and lower it to the ground. Th* driven 
uiak can be replaced without further disassembly but, before removing it from the 
ehaft, not* that It has a long and a short side. Be sure that the new pari is Installed 
properly with the long side facie r the right direction* Inspect the flywheel and the pree» 
sure plate closely for heat checks, warpage* and cracks, Clean and inspect the othe** 
clutch parts for wuar, cracks, and tightness* Inspect the pilot and release bearing 
for serviceability* Check the transmission shaft eplinee for burrs and rust* After +'*e 
assembly has been cleaned, Inspected, repaired, and lubriftatcd, it I* reaay for in- 
stallation* To assemble and inatatt, reverse the procedures tor removal and dis- 
assembly. After the clutch has been installed, review the procedures in the TM and 
adjust to specifications* 

(2) Grade r. The grader is equipped with a 16-in., elngle*plate, iprlng*load«d, Roekford 
clutch <flg 3-2). It is similar to the Bay City 150-T46 crane-shovel engine clutch* How* 
ever, the grader clutch control linkage is connected to and activates a clutch brake* The 
principles of operation ere the same: preseure and friction. The clutch Is located under 
the fuel tank between the engine and the upper transmission. The clutch shaft is hollow 
to permit another shaft to be splined to the ^ngfetc flywheel and transmit power indepen* 
<tent of the engine clutch* The engine clutch controls only the power flow for the pro- 
pelling power train. 




Fie 3-3. Grader c»;ttch assembly* 
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) Dtaisnosiri , Very few problems are encountered with the grader engine clutch* Because 
ut the difficulty in lubricating, the clutch is seldom over lubricated. However, resting 
Ok* foot on the* clutch control pedal while operating does cause more frequent pedal free 
travel adjustment* Some of the clutch problems encountered are discussed below* 

U Slippjpfl, Ovcrluhricatlon, oil leaks from other components, and wear are causes of 
clutch slipping* I rco pedal travel can be checked easily by using the drilled holes on 
the clutch pedal* If the free travel is correct when the transmission lever is in neu- 
tral or reverse, but insufficient when in a forward gear, the cause is probably loose 
bolts in the front power unit support clamp* A cluteh that has overheated will have 
wmk springs or a warped driven disk which can cause slipping or dragging* 

2* Grabbing or chaptering * Glazed linings or rough driven disk mating surfaces cause 
grabbing and chattering. Burred or dirty splines also cause grabbing* 

It, NoiBi'ti . Most of the noises coming from the c'utch compartment are caused by a 
di- furtive release or pilot bearing* Pilot bearing noise iw reduced when the clutch 
i*i engaged t 

) H if* The cluteh pedal free travel can be adjusted by the organizational mechanic, 
but internal repairs require removal of the clutch assembly and must be performed 
by field maintenance units* The free pedal movement decreases as the clutch linings 
w<\?r and adjustment is required when the upper hole in the pedal is even with the deck 
plate* u la adjusted by turning the sleeve nut on the control linkage under the deck 
pl',tc. Th adjustment is correct when the lower hole in the clutch pedal is level with 
the deck plutc"with the pedai depressed to remove free travel* The clutch brake con* 
trol linkage adjustment is also checked and adjusted if necessary when the clutch con- 
trol linkage adjustment is changed* The engine and the clutch must be removed from 
the vehicle to repair or replace defective cluteh paifcs* They are removed as a group 
ami then the clutch is removed from the engine* Before attempting to lift the group 
from the vehicle frame, be sure that all electrical wiring, oil and fuel lines, control 
linkage* mounting and attaching bolts, and other parts are disconnected or removed* 
Shims are used at the rear engine mounts and should be tagged and marked to insure 
reinstallation in the same place* The clutch housing, shaft, and lubrication lines can 
hi* removed after the group is removed from the vehicle* To remove the clutch ass em* 
bly from the flywheel, first Install and tighten four holddown sets crews to relieve the 
spring tension* With the holddown sets crews in position, remove the bolts connecting 
the backing plate to the flywheel and lift the clutcn assembly from the engine* The 
clutch-driven disk can now be replaced* If there is doubt about the condition of other 
clutch parts, further disassembly is necessary. First remove the four holddown 
Hctscrcws, then disassemble the assembly* Glean And check the flywheel and pressure 
plate for heat checks, cracks, and warpage. Check the springs for discoloration and 
tension* The free length of an old spring is not as great as that of a new spring, but 
if the old springs meet tension specifications and are not discolored because of heat, 
they are satisfactory. Replace all defective parts and begin reassembly* (Note; If one 
of the 24 springs is replaced, replace them all*) Figure 3*3 illustrates the sequence 
of reassembly* Rubricate the 1 earings as they are installed* Install the release lever 
pin wttit its head facing the direction of engine rotation* To assemble the backing plate 
to the pressure plate (10, fig 3*4), tighten the holddown ietserews until the lever 
oyeboits touch the adjusting nuts, raise the lever, start the nuts and tighten until the 
levers touch the back plate* Then tighten the holddown setscrews until the pressure 
plate is raised the specified distance from a flat surface* Finally adjust the levers as 
Hpecificd by turning the adjusting nuts* The specifications are different for a new 
driven disk than for a used one* install the driven disk, make sure it faces the right 
direction, and attach the assembly to the engine flywheel* Before tightening the bolts, 
uline the driven disk by inserting an old clutch shaft or clutch alining tool* Torque the 
bolt* and remove the holddown setscrews before removing the alining tool. Install the 
clutch housing and its attached parts* Be sure the lubrication tubes are connected to the 
proper parts; crossing them can cause one part to receive too much grease and the 
other not enough* The clutch pedal free travel is adjusted after the engine and clutch 
have been installed and the linkages connected* 



^•5 



84 




Fig 3-3* Grader clutch a&8c;mhiitig acqueticc* 
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Kig 3-3--contd 

h. Steering clutches* Tliere are many types of steering clutches such as muiUple-dlsk* cone* 
internal expanding* and external contracting. Some of these clutches are equipped with booster 
systems which make it easier for the operator to steer tracked vehicles. Some vehicles have the 
steering clutches (track control*) included as a pari of another component such nu the Cnnv 
Mc:l f AO Hcooploader* tt has the ctutches in the transmission* Kegardlesj of where 
they are located or how tney operate, they are there to break the flow of power to ttie track* si* 
that the tractor can be steered* They can function independently or together; the power enh be 
stopped to one track or to both tracks at the same time* 

(1) Crawlt* Mrnctor a . 

Cam* MCU50 Houoploadt'r* Thr mechanical powor flow to thi* track** in controlled fn 
the transmission* High and low speeds and forward and reverse for each track are 
provided by gears and hydraulleally controlled multl-dtsc clutches* Levers connected 
to hydraulic valves on the transmission allow the operator to manually position Bpools 
In the control valve* which control a pair of clutches regulating the npecd or direction 
of the right or left track. One track can be directed to travel forward while the other 
iij held In neutral or directed to travel In reverse. The system Ib tailed track control 
uytftem rather than steering clutches and nome of the problems encountered are listed 
art trahBmlsslon problems The planetary clutches operate In oil and there are no 
adjustments to be made* 



86 

3-7 



U \ Hiigno sls, Since the clutches operate In oil with little wear problems and they can* 
not be adjusted, most problems will be caused by the hydraulic system- Low drive 
oil pressure will not fully engage the clutch. This will cause It to slip. Low pressure 
could be caused fay clogged fillers, kinked hoses, and leaky connections. However, 
low oil level will also cause low oil pressure and should be checked first. Defective 
or maladjusted control linkage will cause Improper functioning of the control valves 
that direct the oil pressure. The last item to check for Improper functioning of the 
track controla Is the clutch disk. Although the track controla have been grouped here, 
check the control valve operation, adjustment, and clutch for the aide that Is cauatng 
trouble. 



JJ. Hepair . Proper maintenance fay the operator and organizational mechanic will Insure 
" that the transmission oil Is at the proper level and that the oil filter is not reatrlcting 
the oil flow. Kinked hoses can be straightened and leaky connections tightened or re- 
placed. If u la necessary to adjust the control linkage, follow the itep*by*itep pro- 
cedures outlined In the TM. Check the torque converter Inlet relief valve which 
starts to open at 260 pii and li completely open at 290 pel and the outlet relief valve 
which atarti to open at 20 to 60 pal. Then repair or replace a faulty converter 
charging pump or pressure relief valve, 

(b) Model 82-30M crawler»tractor , Steering of the Teres 82-30M era wler*tr actor is 
accomplished through steering clutches and brakes located in the reduction gear nous- 
ltig (fig 3-4), The reduction gearing is joined to the transmission and mounted in the 9 
drive case. Tina reduction gearing gives final gear reduction at the transmission and 
charges the direction of the power flow 90°. It also has footbrakes for holding the 
tractor, and hydraulic ally operated steering clutch and brake packs for turning It. 
A steering clutch and brake pack la located on each side of the reduction gear housing. 
Kach steering clutch pack consists of a piston housing, clutch hub, driving hub, seven 
friction plates, six reaction plates, a clutch piston, and a brake valve assembly. The 
friction plates are spltned to the clutch hub which is powered fay the output shaft from the 
bevel ?ear. Tlte reaction plates are spltned to the piston housing which transmits the 
power to the final drive quill shaft. The clutch hub and the piston housing are locked 
together during normal operation* Transmission operating oil pressure flows through 
the steering valve and into the area between the clutch piston and the piston housing. 
This exerts pressure on the friction and reaction plates, locking them together. Pull- 
ing back on one of the steering levers applies pressure on the oil (engine oil of SW 
viscosity* In one of the master cylinders* The pressure from the master cylinder acts 
on the piston of a steering control valve located in the reduction gear housing. Move** 
ment of the steering control valve cuta off the oil flow to the clutch piston and directs 
it behind the movable cam ring. This releases the pressure on the clutch *>ack and 
applies pressure to engage the brake assembly. The brake assembly can be actuated 
mechanic*?!? or hydraulic ally* It has four friction and three reaction {dates. The 
disengaging of the clutch pack and engaging of the brake assembly controls the flow of 
power from the bevel pinion shaft to the final drive quill shaft. 
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Fig 3-4. Cutaway view of the reduction gearing. 
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U UlagnoHia* Moat fiteerintf problems are caused by (alture of one of tlie hydraulic iVitemi 
(fig 1-5 and 3-6*. Air In the a tee ring control avetsm aota In the aame manner aa 
air in a hydraulic brake system* The master cylinders must be foil and the system 
free of air for them to move the steering control valve ae Intended* Some of the hy- 
draulic problem e may be associated with other transmission problems because ti*e 
Hume liytlraulic pressure that controls e tee ring controls the clutches In the trans* 
mission* Krtction and reaction plate wear and brake adjustment also cause steering 
problems* The two main problem e are slipping clutchee and dragging brakee; both 
may be reported a« "tractor faile to develop full power* " Start looking for the troublo 
by first checking the master cylinder and transmission fluid levele* thon the parking 
brake adjustment* If these are satisfactory, check the engine for proper operation 
by making a converter stall test: then make oil pressure checks, following the sequence 
nnd procedures outlined In the maintenance manual* Low oil pressure tan be caused 
hy c logged atralners and filters, talking Hnss, and dsfecttve valves, valve springs, 
or pump* The pump Is mounted on and driven by the torque converter* It provides 
the oil for lubricating and the pressure for operating the transmission and reduotlon 
guar components* The laut items to check for steering trouble ai*e worn clutch at»H 
brake pack parts* 




X, R t V r nq lever 

2, L* h* * *<$ lever 

3, F* It* master cylinder 
4* U H* matter cylinder 



S* L* M, preeeure line 9* 

6, R» H» pressure line 10* 

7* Retainer jracksts H* 

a* R* H» pressure hoes ' 12* 



L* M* bleeder note 

ft* M* bleeder hoae 
Steering control valve 
L* M* pressure hoee 



Fi« 3-5* Schematic **t steering control aysti>m. 
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%> flepalr* The steering control system can be repaired without removing many parts 
" of tho' vehicle. Leaky lines are repaired or replaced. The master cylinders are re- 
paired or repine* J tf defective and the system bled after any repairs are made* To 
bleed the air from the system, keep the master cyllndev filled with 5W engine oil, 
pull back on the steering levers slowly, and open the bleeder plugs (tig 3-7); clot© 
the bleeder plugs before releasing the levers, The transmission hydraulic system 
is a self-contained system with few external lines* However, there are openings 
with plugs whic can be removed so that a pressure gage can be installed The valves 
And regulators are located outside and Inside the main components* For example, 
the main pressure regulator valve Is located on top of the converter housing while 
the steering brake valve Is located in the reduction gear housing, Access to some 
of the valves will require removal of the assembly* The transmission, converter, 
and reduction gear housing are removed as one assembly, then disassembled as 
necessary to repair* The steering and parking brakes are adjustable* There are 
three adjustments necessary to insure that the brake will hold the tractor when the 
engine is stopped* Remove the inspection cover on the rear of the transmission 
drive case and check the clutch pack clearance on each side, check the brake 
effectiveness, and make the brake lever adjustment, if necessary, by turning 
the adjusting knob* 

<2) Crawler crane* shovel* The Marine Corps has two different types of crawler crane - 
shovels, each with a different type of steering system* The M37 crane-shovel's msin 
steering components are externaUeontrmetlng brakes, cone-type clutches which serve as 
a method of engaging the brakes, and a differential* Internal-expanding clutches break 
tHc flow of power, and external-contracting brakes hold the drum which steers the 2N 
crane- shovel* Engaging and disengaging the M37 steering system is by mechanical link* 
age, while the 2N has a combination air and mechanical linkage* Steering crawler crane- 
shovels seems complicated to some because the upper machinery can be rotated 360° 

(a) M 37 crane-shovel* The steering brakes and cone clutches are mounted on the dtf feren- 
tial propelling shaft assembly in the lower machinery <flg 3-8)* The steering brakes 
are controlled by one lever in the upper machinery with linkage down through the ver- 
tical propelling shaft and out to the clutches and brakes* The power flow to the tracks 
of this vehicle Is not broken* However, brakes can be applied which would affect steer- 
ing* The crane-shovel is equipped with a differential which will allow one shaft to turn 
while the other is being held* Movement of the steering lever moves the linkage up 
or down in the vertical propelling shaft* This moves a shaft which is connected to 
cams mounted on the propelling shafts* Movement of the cams in one direction will 
force one of the cone clutches into the drum and a spring will force the other cone 
clutch away from the drum* When the cone clutch contacts the drum, it trys to rotate 
with the drum and shaft* Connected to the cone clutch is linkage to engage the external- 
contracting brake. The more the cone turns, the tighter the brake Is applied until the 
drum and shaft are Mopped* When the shaft 10 stopped* the track on that side is stopped 
and the crane-shovel will turn* Moving the steering lever in the opposite direction 
will engage the opposite clutch and turn the machine in the opposite direction. 



Table 3-1* Troubleshooting M-37 Steering 





Complaint: Machine does not steer properly 


u 


Worn steering clutch Jaws. 1, 


Adjust clutch Jaws to compensate for wear* 
Replace if necessary* 


2* 


Steering clutch locking* 2* 


Adjust clutch* 


3* 


Loose or damaged control lever Unkage 3* 
such as bent rods, missing clevis pins, 
and excessively worn bell crank bushing* 


Repair or replace missing or damaged parts* 


4, 


Propelling chains t* *» loose, causing jerky 4. 
motion. 


Adjust propelling chains. 
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1, Steering brake 
2 t Center hearing 
\, Differential propelling shaft 



I 

6* Differential assembly 

7. Vertical propelling shaft bevel 



hovel gear 
4> Steering brake cone 
5* Short shaft 



gear 
8* Long shaft 
9* Bearing 
10* Sprocket 



Fig 3-7* Bottom view of lower base* 



U Diagnosis* Improper lubrication, dirt and other foreign matter, and defective link' 
age cause most M37 crane-shovel steering problems. The cone and brake lining 
must be clean and free of grease or glaze* The shaft must be clean and lubricated 
ho that the cone can move freely* The linkage must be connected and properly adjust- 
ed* If the vehicle steers hard or will not steer , check the linkage to be sure It Is 
runn<vi<?<l nu<J not binding, Check the cone and brake lining for grease or glaze. Check 
the cone to be sure It Is not binding or sticking and will move freely on the shaft* 
The last Item to check is the adjustment* Tlte above checks and a check of the pro- 
pelling locks should also be made to determine the cause for failure to release after 
m;iklnu n turn* Becauss of the differential, It is possible for somsthlng to block or 
bind the track tmil cause the vehicle to act as If tile steering Is falling to release* 

'3. Repair * Cleaning the cone clutches can be performed without removing them from 
the vehicle* Cleaning the brake linings will lequlre removal* Binding linkage can 
often be corrected by lubrication* If the linkage is broken or binding because of bends, 
t*emov.*i1 and repair or replacement is neccsmiry* Adjustments ate made by adjust- 
ing roilH that extend through the rear of the lower machinery and sleeve nuts on the 
linkage between the brake shoes (fig 3-8)* Note that the heads of the rode are marked 
with an H and an 1, which lndfrate right- or left-hand threads* However, both rodn arc 
turned rlorkwlse to tighten the brakes* 
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1. Sleeve nut 

2, Plain nut 



3. Drake adjusting rod 

4. Brake shoes 

5. Clutch adjusting rod 



Fltf 3-8, M37 Steering clutch and brake- adjusting points* 



(b) 2N crawler crane* shovel . Steering of this crane-shovel Is accomplished through air- 
c on trolled Internal-expanding clutches and external* contracting brake* mounted ou the 
lower traction shaft. Two levers In the upper machinery control four air control valves 
which direct air to release the clutches and engage the brakes. The clutch Is engaged 
and held In the engaged position by air pressure. The brakes are engaged by spring 
tension and released by air pressure. This Is a safety factor on the vehicle so that 
if an air leak develops or the system fatls, the brakes will automatically engage* 
Air to operate the clutches and brakes Is transmitted from the upper machinery to 
'he lower machinery through the vertical air tubes which extend through the vertical 
traction shaft. The clutches engage the flow of power from the bevel goar and transmit 
it tc the drum and out to the tracks. The brakes are designed to stop the drum froni 
turning *nd the track from moving when the clutches are disengaged. Functioning of 
the dutch and brake on one side will stop the track on that side and turn the vehicle, 
The clutches can be engaged or disengaged Independently or together without damaging 
the vehicle. 

U Diagnosis, tt Is more complicated to diagnose the steering problem of the 2N than 
" those of the M37 because the 2N's steering malfunctions may have several possible 
causes. A slight air leak may allow the brake to drag or fall to fully engage the clutch. 
Incorrect adjustment will cause slipping, and corroded linkage may keep the clutch 
engaged. Grease on the linings will cause slipping and glazing, dazing may cause 
grabbing, slipping, and hard operation* Failure of the vehicle to travel straight In* 
die ate e that one clutch is slipping* If the crane-shovel falls to travel with both clutches 
engaged, make the following checkai system air pressure, track tension and poi>~ 
8ih1e binding track, brake adjustment, clutch linings, clutch adjustment, control sytt* 
tern air leaks, and clutch and brake operation when the levers are moved. Failure 
of the vehicle to turn when the correct lever Is moved Indicates defective valves, de~ 
fectlve air cylinder, or Incorrect clutch or brake adjustment If the valves are de- 
fective or Improperly adjusted, the air will not be directed to disengage the clutch 
and engage the brake. It the air cylinder Is defective It may not release the clutch 
and engage the brake* If the clutch is too light It will drag, and If the brake Is 
too loose It will not engage to stop the track* 

2. Repair , The clutch and brake linings can be removed, Installed, and adjusted with- 
out removing the lower traction shaft; only the clutch inspection covers need be re- 
moved to expose the clutch and brake assembly* When the brake linings are replaced, 
disassemble, clean* and inspect the complete assembly. Air leaks can be caused by 
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defective gaskete, seals* tubing, and loose connections. l«oose connections can 
sometimes be tightened, but replacement Is usually necessary to correct defective 
parts, Check for air leak* by applying Boapy water to the suspected part. The 
%ir*delivery pressure can be raised or lowered by turning the adjusting screw on 
the valve, This Is the only adjustment that can be made op the air valves. Turn* 
ing it in raises the pressure. 

Note ; Should the lower traction shaft asiembly be removed and dlaasaembled, 
be sure the drilled air passages are properly alined during reassembly* Failure 
to aline the passages will prevent installation of all parts and make it necessary to 
again remove and disassemble the lower traction shaft asrembly, 

c* Attachment control clutches. These are clutches used to control the power for the attach- 
ment* and the operating components* They are often referred to as operating clutches except 
when discussing a epecific clutch such as the front drum clutch on a crane- shovel or the right 
clutch on a double* drum power control unit. Most of these clutches are either external* 
contracting or Internal expanding. However , eome machines iuch as the grader have jaw clutches, 
On mo«t mechines, the operating clutches provided a second break in the power flow} the first brea* 
it) at the engine (master) clutch, 

(1) Double* drum power control unit * T*Ms writ uses two external* contracting clutches which 
held drums that cause the planetary e/atem to rotate cable drums* It also hns two brakes 
identical to the clutches which stop tho cable drums when d eel red* The clutch and brake 
bands are interchangeable* Power Is flowing to the unit when the engine clutch Is engaged, 
but It cannot operate the cable drums until the control clutches are engaged* These 
clutched and brakes are partially protected by the housing, shields, and cover plates, 
but dirt and water can still get in and cause problems, 

(a) Diagnosis, Most problems encountered are complaints of drugging or slipping clutches 
or brakes. In damp climates, the clutches will usually drag for a short time when 
you ftrst start to use them due to either moiature or rust; moiature causes the lin- 
ings to ewell and drag, and rust makes the drums rough and causes the bands to drag. 
After the component has operated for awhile, the linings will dry and wear the rust 
off the drums* Then they may begin to slip because of improper operation or adjust* 
ment* Slipping clutches can also be caused by grease on the lining e, glased lininge, 
worn linings, or warped bands* Overheating Is another problem that Is usually caused 
by slipping clutches. Bent or binding linkage will prevent proper engaging or releasing 
and cause slipping and dragging which will overheat the bands* The bands usually warp 
because they have been overheated. 

(b> Repair . Adjustment procedures are usually stamped on a metal tag and attached to the 
component* The procedures outlined In figure 3*0 pertain to the model 281 cable con* 
trol unit used with tb4 Terex crawler tractor. The clutch and brake bands are re* 
placed before the linings have worn enough for the rivets to score the drums* Replace- 
ment Is a'so necessary if they become warped, glazed, or oil- soaked* They can 
be removt d by loosening the adjustment, removing the shields and covers, removing 
the pins in the bands, and then lifting the bands out. Glased or oil* soaked linings can 
scmetimes be cleaned, wlre*brushed, and reinstalled. Warping can sometlmee be 
prevented if the operator will ptop the equipment, engage the overheated band, and 
allow it to cool while engaged. After the bands have warped, they must be replaced* 
Defective linkage should be cleaned, repaired, or replaced as needed. Broken or 
weak springs must be replaced, tteassemble the bands by reversing the disassembly 
procedures and adjust hb outlined in the TM, Wet and swollen linings can be replaced, 
readjusted, or caused to slip until dry, then readjueted* Be careful :wt tooverheat the 
linings if you use the slipping melhod* Be sure that the drains are open to prevent water 
accumulation. Drums which have rusted excessively may require removal of the clutch 
anr) brake bands and sanding or turning on a lathe* Light rust can be removed by uee. 
Adjust th» bands to prevent iraggtng, and readjust after the rust has been worn oft 
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t -Brake spring screw 3-C(uich band arfJ* 
a-Brak* band adj acrew 
Screw 4* Beatings 



1. Loosen jam nuts and screws (2 & 3), 

2. With unit running, screw in the adjustment screw (3) controlling the brake bands until 
the bearings (4) are centered between levers. This can be checked through the opening 
In the brackets. The bearings (4) must be centered with this opening. 

3. Make certain ttct the spring Is snug, but not tight. 

4. Put control lever In operator's compartment In neutral. Adjust the screw (3) con- 
trolling the clutch bands until there Is a running clearance between the clutch bands 
and the clutch drums. It will be properly adjusted when 7" to 0" of pull on the 
operator's control lever will raise the load. Tighten screw jam nut. 

5. Pick up the load and place operator's control lever in neutral. If load does not drift 
down, loosen screw and nut (1) until It just starts to come down. Then tighten the 
screw and nut until the load stops dropping. If the spring Is compressed too much. It 
will require excessive hand pressure to lower the load. 

6. Make certain that all jam nuts ere tight* 

7. Compensate for wear of band lining with adjusting acrew(2 & 3). 



Pig 3*0. Model 291 cable control unit adjustment procedures. 

(2) M37 crane-shovel. This machine has three types of clutches and brakes used to control 
the power flow to its attachments; lnternal~expandlng, external- contracting, and jaw 
clutches. They are engaged three ways; mechanically (through linkage), electrically, 
and automatically* The front drum Is controlled by internal-expanding and external* 
contracting clutches, and by external-contracting brakes* The nolst druir Is controlled 
by an external-contracting clutch and brake. The dipper trip Is controlled by an 
Internal- expanding clutch. Tne front and hoist urum ana dipper trip clutches use ft 
booster control clutch (sometimes called an EZ clutch) to engage the main clutch. 
The booster control clutch Is an external-contracting type clutch that works similarly 
to a brake. The band tries to stop a control wheel which Is free to rotate until con* 
tacted by a stop. Linkage between the Control wheel and the main clutch will cause the 
main clutch to engage. When the operator releases the booster control clutch, spring 
tension will return the control wheel to Its normal position and release the main clutch, 
The dipper trip booster control clutch is engaged by an electric solenoid. The horizon- 
tal Intermediate abaft is controlled by Internal-expanding clutches. They control, 
through other clutches, raising or lowering the boom, swing, and travel operations. 
The boom hoist Is controlled by a jaw clutch and an external-contracting brake. The 
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boom hoist brake works automatically and la Installed ao that movement of the brake* 
drum against the dragging brake band tends to engage the brake tighter. It and the 
action of the worm and gear prevent the cable from unwinding unless power through 
the horizontal Intermediate shaft and Jaw clutch la applied* Swing operations are con- 
trolled by a Jaw clutch through the horizontal intermediate ehaft clutches and a median- 

teetn in the lower base assembly. The front and hotat drum brakea are external- 
contracting and are engaged by mechanical linkage from the operating pedal directly to 
the brake. Operating methods and the functioning of the booster control clutches cause 
the moat difficulty during diagnosis and repair. Figure 3-10 shows the location of 8 ome 
of the clutches. -um«» 



Horizontal Intermediate 
shaft and clutch 



Hoist drum shaft, 
clutch, and brake 




Front drum shaft, 
clutches, and brakes 



Boom HOls 
(located under 
revolving base) 



t tfrake Dipper trip 



(right side) 



Fig 3-10* Location of M37 crane-shovel clutches* 

(a) Diagnosis, The moat fraquent trouble with operating clutches is their fatlure to dis- 
engage completely or slipping* The M37 crane-shovel clutches are exposed tj and 
absorb moisture from the air* This causae them to swell, drpg, and (all to release. 
Moisture wtll also cause the drums and linkage to rust* This prevents free movement 
ot the linkage to release the dutches or causes the clutch linings to drag on the rusty 
drum* Although the linkage is partially protected by the machinery* it Is exposed to 
moisture, dirt, and debris which can cause It to bind. Small objects can also get caught 
In the /ears and bend or break the linkage* Vibration can cause the linkage to come 
loose* Slipping can be caused by wear of the clutch Unlfigd* maladjustment of the link- 
age and clutch bands* lubricant on the linings or drum, warped bands, and improper 
operation* Most slipping problems are caused by improper adjustment or lubricant 
on the linings or drums* Improper adjustment will cause a clutch to drag if too tight 
or to slip If too loose*. Doth dragging and slipping will cause a clutch to overheat* This, 
can cause the band to warp and cause drag or slip, eveh when everything else Is cor- 
rect* The M37 jaw clutches may fall to engage or disengage, but they will not slip* 
Loose, binding, or Improperly adjusted linkage cause most problems wtth the jaw 
clutches* Of course, bent linkage will affect the adjustment If the two mating sur- 
faces make contact but fall to engage, a loud noise will be heard* The brakes and 
booster control clutches are affected by the aame things listed for the clutches* 



<M U SBSit - Replace the clutch and brake bands before the linings are worn sufficiently 

for the rivets to score the drums. To remove, loosen the adjuatlng nuts, remove the pins 
tind springs* and slide the clutch band away from the drum and off tne shaft assembly* 
To install, reverse the procedure* The linkage can adjusted to position the control 
'evers and pedals* to allow a clutch to be engaged and stay engaged utitU released by the 
operator, and to center and prevent clutch band dragging or slipping* 

Nop* : The horizontal intermediate clutchet or linkage are NEVER adjusted ho they 
will stay engaged; the operator must always keep pressure on the control lever to keep 



3-1? 



97 



(3) 



them engaged. The adjustments are made by loosening locknuts and turning ~ cleviB, 
sleeve nut, or adjusting screw* The control lever position and booster control clutches 
are adjusted as desired by the operator as long as the main clutches will fully engage 
and disengage. The main clutches are adjusted to the TM specifications. The front and 
hoist drum brakes are adjusted to hold the load when engaged and to allow the drum to 
rotate freely when completely disengaged. The compression springs are adjusted to 
keep the band from dragging on the drum when released* Warped bands cannot be re- 
paired and must be removed and replared* Oil-soaked or glazed linings can sometimes 
be cleaned, dried, and reused* Bent or broken linkage must be replaced or repaired 
while using good linkage of the same kind as a pattern* Anytime tbe adjustment is dis- 
turbed, make an Initial adjustment before starting the machine, then operate the machine 
until the bands reach operating temperature, stop the machine, and make the final ad- 
justment* 

2N crane^ shovel* The clutches used to control the power flow to toe attachments of the 
2N croi)e- shovel are internal-expanding and jaw type. The brakes are extemal- 
cotur acting. The boom hoist la equipped with a ratchet pawl In addition to a brake. The 
jaw clutches (fig 3-111 ar* used to shut the power flow from the boom hoist clutcbes 
to the retract clutch. 
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Fig 3*1 1* 2N crane* ohovel power flow and location of dutches* 
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Figure 3-12A shows a swing clutch and a boom hoist and retract clutch. Notice that 
00th clutches are a ingle -band type and veiy similar, Moat of the other clutches are 
similar to these; they may be wider, have a thicker lining* or be of larger diameter, 
yet they function in the same manner* One difference you can note In figure 3-1 2A is the 
compensator spring; one is heavier and stronger than the other* One of the methods 
used to engage ind disengage the clutches Is Illustrated in figure 3-12B. The other 
operating clutch et are controlled by modified versions of the linkage shown* Installation* 
adjustment, operation, and lubrication affect the proper functioning of the clutches more 
than anything elae* The bands are installed so that th e live end {fig 3-12) ie connected 
in the proper place* It should lead the rest of the band In the direction o* rotation so 
that it will «ld engagement; it becomes partially self-energized. Clutches on this ma- 
chine have a small friction surface compared to other makes of crane -shovels* Any slip* 
ping or dragging due to Improper installation or adjustment will cause excess heat and 
faster wear* Overlubrication will cause lubricants to get on the drums and linings which 
can cause slipping. Insufficient lubrication will cause the metal parts to wear faster 
and will make it harder to maintain the proper clutch adjustment* Overloading or inten- 
tionally slipping the clutches will cause them to slip* create excess heat, glaze the 
linings* and cause abnormal wear on other machine parts* With few exceptions* the 2N 
crane-shovel clutches are adjusted to prevent toggle backlock (snap-over-center; stay 
engaged) for safety reasons* 




Fig 3-12, 2N crane-shovel clutches and control linkage. 
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'a) Diagnosis, Locating and determining the cause of 2N crane- shovel operating clutch 
problems is harder than for the M37 crane-shovel because the upper machinery la 
more confined. Because of shields and machinery configuration. It Is harder to ob- 
serve the clutches and brakes during operation and to make the necessary checks and 
measurements when trying to locate the causa of a problem. The complaints are, 
usually the same as those listed for the M37 crane-shovel, but It Is more difficult* to 
locate and eliminate the problem. For example, a 3N crane-shovel operator complains 
of the main drum shaft clutches either dragging or slipping, A quick check of the oper- 
ations indicates that the clutches should function properly. But the proper adjustment 
and lubrication Is not easily checked because of the shielding end the location of the 
main drum shaft and Its clutches. Poor lighting and obstructed vision are the biggest 
problems; confined space Is another Although the control linkage and clutches are 
protected from the weather, because this crane-shovel Is normally used on beaches. 
It Is subjected to a more corrosive -type moisture than usual. This moisture will 
cause the drums and linkage to rust and affect the engaging and disengaging of the 
clutches. The abrasive action of the beach sand will cause the ltninge and other parts 
to wear faster and may cause the clutches to slip or require more frequent adjusting 
or replacing. The hard-to-reach lubrication points cause the operator to smear the 
lubricant on the clutches or to neglect proper lubrication of some parts* Vibration 
will loosen Improperly tightened adjustments, wear linkage parts, or cause bolts and 
pins to fall out, resulting In dragging or slipping and possibly both. Overheating will 
cause a band to warp so that It drags when disengaged or slips when engaged 

(b) Repair , You can remove and replace the clutch bands without completely disassembling 
a particular assembly such as the main drum shaft assembly, But to repair or replace 
some of the linkage such as the clutch spider, you will have to remove the assembly. 
You should replace the bands before the linings are worn enough for the rivets to score 
the drums, whenever the linings become oil- soaked or glased, and whenever the bands 
are warped or damaged. The linings can be renewed If the clutch band Is still good. 
Remove the old linings and rivets and Install a new lining of the correct size by clamp- 
ing It to the band, drilling the rivet holes, countersinking the holes on the face of the 
lining, riveting to the band, and bevellngthe sides and ends of the lining. If new 
linings or band assemblies are not available, an oil-soaked or glased lining can be 
cleaned, dried, and reused as long as the rivets do not score the drum. Clean the 
linings by brushing and dipping In an approved cleaning solvent and dryinr with com- 
pressed air. Worn or lost linkage pins or parts should br replaced as soon as possible 
after discovery. Some of the linkage and levers have antifriction bearings which 
require replacement from time to time. When a part Is replaced, the adjustment 
must be checked and corrected. When making the adjustment, follow the procedures 
outlined in the TM for that specific clutch or linkage. New linings or band assem* 
Mies will require frequent adjustment until worn In. Unless other procedures are 
specified, operate the machine to warm up the parts before making the adjustments. 



3-3. T A ANS MISSIONS 

All transmissions are designed to perform the same function. They provide a method of 
changing the power, speed, and direction of rotation* Their construction and application vary. 
Most of them are produced by a company other than the manufacturer of the machine on which 
they ire used* However, a transmission can bo Identified by a tag or number, or by the vehicle 
TM. A transmission Is usually located In the oower train so that It receives the power flow 
directly from the engine clutch; for some applications it ts located elsewhere on the machine. 
In the neutral position, some transmissions provide a positive break in the power flow* 

a* Slid lng-i pur gear (fig 3-13), This type of transmission has straight sour gears that mesh 
with other straight spur gears, It Is designed so that some of the gears slide along a spline d 
shaft while other gears tire held in position* Forks, controlled by linkage or a lever, move the 
gears In and out of mesh. Detents hold the forks In position ui,tll the operator moves them for 
another gear selection. Some transmissions may have the detente hold the gear rather than the 
forks. The transmission shown In figure 3-13 has four forward speeds and a reverse, Other 
alldinf»snur*gear transmissions are very similar. 
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Fjg 3*13. Four-speed sliding -spur -gear transmission* 

(1) Djagnoalfl , Soms of the problsms reported as transmission troubles arc actually caussd 
oy some other part or component* A well- trained and experienced mechanic Is an asset 
to ths maintenance facility, especially (or diagnosing transmission troubles* He knows 
that noises can bs transmitted to a transmlssicm from unbalancad drive shafts, worn 
universal joints, loo« drive shaft center bsarings, worn or pitted ring and pinion gears, 
and clutch or engine. But not all units hava experienced mechanics, and tnarefore they 
must diagnose the problem and repair the component with psrsonnsl available. When 

checking for transmission noise* raise ths vshicle off the deck and operate It In all speed 
ranges* Including coasting (neutral). Determine the origin of ths noiss before condemning 
ths transmission. If the noise does originate La the transmission, try to determine what is 
causing it. A growl or hum* when ths gears are in ths neutral position with ths engins 
running* vhat stops whem ths clutch Is disengaged* Indicates Insufficient lubricant* worn 
or broken pinion gear* worn reverse Idler or countershaft bearings* worn pilot or pinion 
shaft bearings, or a bant countsrshaft* Nolsss heard in neutral may also appear when ths 
transmission is operated In other gears. If a noise appears only after the transmission 
is operated in gear, the cause Is worn or damagad main shaft bearings, worn or broken 
sliding gears, or excessive main shaft end play. Noises are not the* only problems with 
a transmission. It will slip out of gear, be hard to shift, or develop lsaks. Slipping 
out of gear lo caused by worn detente, gears, bearings, and/or improperly adjusted 
linkage, Including the forks. Excessive end play of the reverse Idler and countershaft 
will allow the gears to work endways and cause thsm to slln out of mesh. Hard shifting 
Is caused by the clutch not rs leasing, distorted or burred main shaft spllnss, or im* 
properly adjusted linkage. Oil will leak by worn seals, damaged or loose gaskets, loose 
bolts or plugs. A clogged vent will also causs pressure to force the nil out. 
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(2) Repair , Because of variations in construction of transmissions, different procedures 
must be followed in removal, disassembly, repair, assembly, and adjustment. Special 
tools will be required for disassembly and assembly of some transmissions. If any 
transmission unit Is unfamiliar to you, follow the procedures outlined in the TM* Clean 
the transmission and attached parts thoroughly before removing it from the vehicle* 
Drain the lubricant, remove the assembly from the vehicle, and then disassemble; some 
transmissions are disassembled without removal as a component* Clean the parts and 
case thoroughly with an approved solvent, and use a putty knife or similar scraper to re- 
move hardened grease, lacquer deposits, dirt, and old gaskets* Pay particular attention 
to the small drilled passages and lube troughs: make euro nothing restricts the flow of 
lubricants* The gear? are lubricated by oil which clings to them after being splashed; 
The bearings are lubricated by oil which ts splashed into the troughs; the oil then flows 
through the drilled passages* Inspect and check all parts for wear or damage* Some 
defects are visible, others will require the use of special tools and gages to determine 
their condition. Replace or repair the unserviceable parts. Where there is doubt about 
the serviceability of a part, it should be replaced* Some parts may require replacement 
in pairs, such as the replacement of the low-speed sliding gear and the low-speed 
countershaft g*?ar, if one Is defective. Small crocks In the gearcase or covers can 
Hometimes be welded if they do not extend into the bearing bores* Assembly Is usually 
th<* reverse order of disassembly, but use the TM as a guide* The TM is also used to 
check the adjustment procedures and specifications* 

b, Constant mesh (fig 3-14)* The constant-mesh transmission, its problems, and repair 
procedures are very similar to those for the si id ing^ spur-gear transmission* However, Its 
Internal parts function somewhat differently* The main shaft Rears In the constant" mesh trans* 
mission do not slide in or out of mesh with the countershaft gears exespt for reverse* The main 
gears are helical cut and are free to rotate on the main shaft. Reverse gear is a straight spur 
gear. The main gears are locked to the main shaft by shifter gear collars controlled by a shift- 
ing fork and linkage* All of the gears are turning, and by moving the small shifter gear collar, 
one of thegears is locked to the shaft and transmits the power. Notice in figure 3-14 that detents 
hold the shifter gear collar in mesh with the main gear* The main gears may be pressed on the 
main shaft or retained in position by snap rings. They are mounted on antifriction bearings so 
they can rotate* Removal* disassembly* assembly, and adjustment procedures vary and the 
mechanic should follow the procedures outlined in the TM. 




Fig 3-H* Cutaway view of a constant-mesh transmission. 
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c, Synchromesh, The synchromesh transmission is basically a constant - mesh transmission 
with synchromesh clutch es to engage the gears and transmit the power to the main shaft. The 
gears are mounted in the same manner as in the constant-mesh transmission with a synchromesh 
clutch (fig 3-1 b» replacing the shifter gear and collar* Cone clutch surfaces on the synchromesh 
clutch contact the cone surfaces of the drive gear and cause the shaft and gear to turn at the same 
speed before the gear teeth contact* This eliminates the need for double clutching and prevents 
clashing of the gears* When the main drive gear and the sliding gear, which is keyed or spline d 
to the main shaft, are turning at the same speed, the spring* loaded ball will allow the sliding 
sleeve to engage the main drive gear. The main drive gear shown in figure 3*15 is a part of a 
larger gear with helical-cut gear teeth that mesh with a gear on another shaft* Some of the syn- 
chromesh transmissions also use a sliding spur gear for first and reverse gear. When diag- 
nosing anil repairing the synchromesh transmission, follow the same general procedures as were 
outlined for the sliding spur gear and the constant- mesh transmissions. 




Fig 3-15, Synchromesh clutch, 

d, Torgmatic, The torqmatic transmission is used in a variety of engineer equipment and 
some of the principles are used in other components of the equipment. It is a constant-mesh 
planetary gear system with hydraullcally actuated clutches, A torque converter which multiplies 
the engine torque transmits the power from the engine to the planetary gears, A pump at the 
torque converter provides the hydraulic pressure for controlling the planetary clutches and lu- 
bricating the transmission. The torqmatic is not an automatic transmission. It must be shifted 
by positioning a control valve in the hydraulic valve body, but all speed shifts can be made under 
full power. The shifting can be done through linkage to the hydraulic control valve or electrically 
through a solenoid* Figure 3-i 6 is a cutaway view and figure 3-1 ? a schematic of ui<? hyaraulic 
»Y8lrm of the torqmatic transmission used in the TERKX crawler-tractor Notice that the plane- 
tary grsrs are in constant mesh* Other torqmatic transmissions are basically the same as the 
om» shown* 
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Kig 3-17* Schematic of hydraulic system of a torqmatic transmission, 

0) Diagnoglfl* In addition to noise caused by worn or detective parts such as gesrs and 
bearings* the hydraulic system in the torqmatic transmission causes some problems* 
Because the transmission operates in oil and the transmission hydraulic systems are 
run by the same oil, most ot the maintenance is concerned with oil replenishment and 
oil cleanliness* Low oil level, insufficient oil pressure, overheating* and contaminated 
and foaming oil are some of the problems encountered* Low oil level* a plugged strainer* 
a defective oil pump and aerated (foaming) oil can cause low converter-out pressure* 
Since the clutches are engaged by oil pressure* there may be insufficient pressure on 
the clutches to cause them to engage* High oil temperature can be caused by low oil 
level, low converter* out pressure* clogged or dirty heat exchanger, locked stators, or 
overheated engine cooling system* Normal converter-out temperature Is 180® F 
and should not exceed 250° F at any time* Foaming can be caused by incorrect oil, over* 
filling* leaky system, or contamination. Some of the contaminants are water from con- 
densation or supply source, dirt, and metal particles from the transmission gears* besr- 
fngs* or olher working parts* To properly check and dtsgnose the transmission. It 
must br. cleaned, serviced* and pressure and temperature gages used. It must be clean 
to determine the location and cause of leaks* It must be serviced to insure that It con* 
tains the proper lubricant and is at the correct level; check the TM to determine If the 
oil level should be checked when hot or cold* Mot readings sre taken with the tem- 
perature at 180° F* Oil temperature and pressure must be checked to determine if the 
problem Is caused by the hydraulic system or by defective Internal parts* 
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<2> Re p a ir, Torqmatle transmission repairs below the depot maintenance level are limited 
to tightening loo bo connections, checking pressure and temperature, cleaning and re- 
placing filters and strainers* and making minor adjustments and repair* Internal re- 
pair, overhaul, and rebuild are performed at the depot level* Intermediate maintenance 
generally cone 1b U of the assembly being removed and replaced with a new or rebuilt one, 
Romoval and installation procedures vary with the different vehicles* For example, the 
3-ton hydraulic crane la sectlonaltoed to facilitate transmission removal In addition to 
helicopter transporting* Therefore the aecttonatlzatlon aklda and toola will be required 
to remove and Install a replacement transmission* Some vehicles* such as the TEREX 
crawler- tractor* require the transmission to be removed with other components as a 
unit* then removed and replaced* It should also be noted that a torqmatle transmission 
from one vehicle will not (It another vehicle* The method of mounting It and the location 
of the engine and prop* Her shaft connections are different although It Is the same model 
transmission* Since the procedures (or removal and Installation vary and the method o( 
mounting and connecting are different* a mechanic should refer to the TM (or the speci- 
fic vehicle before attempting to replace the assembly* Although Internal repairs are 
not performed at the lower echelons* the transmission Is thoroughly checked before 
being replaced* A stall test Is performed and pressure checks made to Insure that the 
problems are not caused by lack of maintenance at the lower echelon* To perform a 
full stall and pressure test, check the oil level and operate the engine and transmission 
long enough to bring them to operating temperature* Conduct the test according to the 
procedures outlined In the TM for the vehicle* Figure 3-18 shows where the preesure 
readings are obtained on one torqmatle transmission; other TM*b will show the location 
(or checking a specific vehicle* Engine rpm readings are taken from the vehicle tachom- 
eter unless there Is doubt about Its accuracy* 



Fig 3-18, Pressure and temperature check points of a CRT- 3331 torqmatle transmission* 
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3-4* PROPELLER 3HAPTS 

a, Introductioo> The vehicle's power* having been transmitted through a component such as 
Hie transmission, le carried along the power train by a propeller, or drive* shaft Propeller 
abaft le the common term; however, either can be need and le correct* In amphibious vehicles 
both terms are used; propeller abaft* to indicate the device that carries power to the propeller* 
and drive abaft to Indicate the device that delivers power to the wheels* The propeller shaft 
may be either solid or tubular* The twisting stress In a shaft varies from zero at. the axis to a 
maximum at the outside* Since the center of the shaft restate only a small portion of .the load* 
hollow ahafts are used wherever practicable* It le attached to the components such as the 
transmission and differential of automotive vehicles by a universal joint or joints, and slip joints* 

X Slip Joints* 

(1) Because flexing of the springs* component mounting, or operation cause the component ' 
housing to move forward and backward, a slip joint la Installed* This allows the 
propeller abaft to lengthen and shorten as required by operating conditions, 

(2) A slip joint consists of a male and a female spline, a grease seal, and a lubrication 
fitting* The male spline la an Integral part of the propeller shaft (fig 3-1 9) and the 
female portion le fixed to the universal joint directly behind the driving component* 

As the component housing moves forward and backward, the slip joint gives freedom of 
movement in a horizontal direction and yet is capable of transmitting rotary motion* 




Fig 3-19* Propeller shaft disassembled* 



c. Universal Join! « A simple universal joint (fig 3*20) is composed of three basic units: 
one journal* and two yokes. The construction permits each yoke to pivot on the axis of the 
journal* and carries the rotary motion from one yoke to the other* As s result, the imtversal 
joint can transmit the power from the engine through the propeller shaft to the differential, 
which is constantly moving up and down in relation to the frame* 
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Fig 8*20* Simple universal joint. 



Hi Characteristics of universal Joints. A peculiar characteristic of the universal joint Is 
that It causes a drt^n shaft to rotate at a variable speed with respect to the driving 
shaft* This variation la In the form of acceleration and a deceleration of the speed* twice 
during each revolution of the driving shaft* 

Tots variation of speed cannot oe eliminated when a simple universal joint ts used* 
Its effect can be minimized, however, by using two universal joints tone at each end of 
the shaft)* If only one joint Is used between the transmission and the dlffsrentlai, the 
acceleration and deceleration caused by the joint ts resisted on one end by the engine 
and on the other end by the Inertia of the vehicle* The combined action of these two 
forces produces great stress an all parte of the power train, resulting In a nonuniform 
force being applied to the wheels* When two universal joints are used, the second joint 
compensates for the speed fluctuations caused by the first* To accomplish this, the angle 
between the transmission shaft and the propeller shaft must be the same as the angle 
between the propeller shaft and the differential* Another requirement Is that the two 
yokes of the universal joints which are attached to the propeller shaft, be In the same 
plane* If the yokes of the joints attached to the propeller shaft are In the same plane, 
the driving yoke of the first joint will be at an angle of 90° with the driving yoke of the 
second* The two yokes attached to the propeller shaft act as the driven yoke of the 
second joint* With this arrangement* the first joint ts producing lis maximum fluctuation 
at the same time the second joint ts producing its minimum fluctuation* This results In 
h non varying wheel speed for a gtv ongine speed* even though the speed of the shaft 
between the joints Is constantly changing* 

In a universal joint* bearings are Included at the four points where the journal la 
attached to the yokes* In addition, one of the yokes usually Incorporates a spllned slip 
joint. In one type of universal joint the joint itself incorporates a feature that permits 
variations In length of the propeller shaft* 

(2) Journal-type universal joint* There are several variations of the journal-type universal 
joint, two of which are shown In figures 3*21 and 3*22* The universal Joints of this type 
vary from each other mainly In the manner in which the journal is attached to the drtv 
Ing and driven yokes* For example* In the universal joint shown In figure 3-22* the 
journal Is assembled In the shaft and slip yokes; the bearing assemblies are Inserted 
from the outside* and are secured by spring bearing retainers Inside the yokes* The 
bearings on the transverse ends of the journal art clamped to the flange yokes and 
secured from outward movement by bearing retainers* The universal joint shown In 
figure 3*22 differs from that shown in figure 3*21 In the manner In which the journal 
ts attached to the flange yoke* In this universal joint* the bearing assembly Is contained 
In bearing blocks* The blocks are mounted against the flange yokes and socured with 
Jolts extending longitudinally through the yokes* 
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Kif 3-21* Journal -type universal joint with, journal assembly In shaft and ellp yoke. 
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Fig 3-22, Journal -type universal joint with journal attached to flange yoke* 
(3) General pouite, 

(a) The universal joint juet dlecuessd the most common on lifeline Corpe vehicles. 
Other types of joints may be found* especially on vehicles vith 4**wheel drive where 
a constant- velocity universal joint must be used in ths front axle; It reduces speed 
variations. For more detail on special universal joints* check the TM. 

(b> Most universal joints do not require any maintenance for the life of the unit. Others 
may require disassembly and lubrication periodically. 

(c> Worn unlVereal joints will make noise. Check for worn universal joints by turning 
the propeller shaft by hand* Excessive backlash or loossnees can be felt by hand 
pressure, Houghness at low to moderate speede often indicates worn universal 
joint** 



3-29 



109 



DIFFERENTIALS AND FINAL DRWES 



The propelling powur must be divided and directed to each driving wheel or track* 
This la accomplished by a differential or a final drive* The flow of powar Is turned 90°* Tha 
methods of directing the power flow for representative Items of equipment are discussed be- 
low* 

a* M37 crane-ahovel * This vehicle use*' a differential similar to that shown in figure 3-23, 
It is located near the center on the underside of the lower base assembly* The power enters at 
the vertical propelling shaft (pinion shaft) and rotates each differencial propelling shaft (axle shaft)* 
'Thr bevel drive pinion epllnedto the vertical propelling shaft rotates the ring gear (bevel drive 
pear)* A differential case Is spllnsd to lne ring gear and rotates with It* Enclosed in the differen- 
tial case are fo* r differential pinion (spider) gears and two differential side gee; s. These gears 
are in mesh with each other, but are free to rotate in the differential case* The' differential pro* 
pclli^ft shafts (one long and one short) are splined tc the aide gears* If the resistance la eoual 
on both Hide gears* they do not rotate in the differential case, but turn with the assembly* When 
there Is more resistance on one aide gear than on the other* It trlea to stop* This will causa the 
pinions to walk around the gear with tbe moat realstance* The pinlona being in mesh with the 
other Hide* gear cause It to rotate* The difference in the gear ratio will cause It to rotate faster* 
As* soon as the resistance equalizes, the pinions and aide geara stop rotating independently and 
rotate as a unit with the ring gear and differential caae* 

(l) Diagnosis* Very few problems are encountered with tbe differential of the M37 crane- 
shovel, but, like other parte and components, It will wear and become unserviceable* In- 
correct tooth contact and clearance will cause the ring gear and Jrive pinion teeth to wear 
enough to break under heavy load* Improper lubrication or adjustment and the presence 
of abrasives will damage the bearings and change the gear adjustment* This assembly 
Is protected on the bottom by an oil pan and partially protected on the top by the lower 
base assembly; It Is not enclosed in a sealed case Uke the differential of your automobtU 




Fig o-ssS* Differential with part of differential case cut away* 

(2) Repair* Although the complete differential propelling shaft assembly is usually removed 
when repairs to the differential are required, the dlffarentlal assembly can be removed 
without removing all of the other parts (fig S-ii4)* To remove only the differential* drain 
the lubricant from the pan and remove the pan and the uiorlcetion lines. Place jack stands or 
cribbing under the propelling shaft between the collar clamp and the steering mechanism 
to support the weight of the parts when the bearing caps that support the differential case 
are removed* Remove the chains irom the sprockets and the collar clamps from the 
propelling shafts* The propelling shafts can now be pulled out just far enough to clear 
the differential case* Remove the bearing caps on each side and remove the differentia* 
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12* Bevel pinion 

13. Tubing differential Bhaft center bearing 
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Fig 3-24. Differential propelling Bhaft aBBembly* 



f .id ring gear* The bevel drive pinion 1b Bplified to the vertical propelling shaft and 
retained by capBcrews. A gear puller may be required to remove and Install it. 
When worn beyond specifications, the tooth clearance and contact are adjusted by 
Bhims and replacing of the thrust waBhers* Before <UtiaBBembUng the differential 
(fig 3*25), If the gears are Btill serviceable, mark them so that they can be rein- 
stalled in the same position* Clean the parts In an approved cleaning Bolvent and 
inspect them* Check the antifriction bearings for pltB and scores. Check the thrUBt 
waBhors and buBhing*? for wear* Check the gearB very cloBely for pits and cracks, 
and the wear pattern on the gear teeth* Check the Bhaft BpllneB for bent, cracked, 
chipped, or twiBted BpllneB, Beplace all defective parts; some of the gears muBt be 
ordered and replaced bb Bets* ReaBBembly and installation are the reverse of dlB- 
aSBembly and removal* 
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Fig 3*25* 
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Exploded view of differential* 



b. Grader* Attached to the rear of the grader tower transmission Is the final drive assembly 
(fig 3-26) # It turns the power flow 00° just as the differential In other machines, but It does not 
alto* one wheel to rotate while the other Is being held* Wheels on both sides of the grader are 
receiving power when power is being transmitted through the final drive* Power Is transmitted 
by the bevel pinion gear, which is made as part of the tower transmission shaft, being In mesh 
with and rotating the ring gear* The ring gear Is keyed to a shaft tod bull pinion; the compo- 
nent Is called the jack shaft assembly when the ring gear and parts are assembled* The bull 
pinion Is In mesh with and rotates a bull gear* Splined to each side of the bull gear are axle 
shafts which transmit the power to both tandem assemblies* The gear on the lower transmission 
pinion shaft and the ring gear are the spiral bevel type* Thie provides more tooth contact and 
quieter operation* The bull gear and the bull pinion are the straight spur gear type* The bull 
gear and the jack shaft assembly are mounted on tapered roller bearings which require adjust- 
ment. The bearing preload Is adjusted by adding or removing shims on the jack shaft assembly 
and an adjusting nut on the bull gear assembly* 
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Fig 3-2ft* Final drive assembly, 
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Diagnosis* Complaints of final urlve troubles are seldom received* However, the 
component should be checked thoroughly when transmission noise problems are being 



checked and repaired* 
parts can cause noise* 



Incorrect bearing adjustment or gear teeth contact, or defective 
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(2) Repair , Because the tandem, final drive, transmission* end engine must be removed, 
repairs are performed at fourth and fifth echelon facilities, Lower echelon shops are 
not normally equipped with the special tools necessity to perform the repairs* Some 
of the special tools required are scales, gage block, dial indicator, pullers and press, 
and a means of heating oil for heating parts* 

c, MRS- 100 wheeled tractor, This vehicle Is equipped with two identical axle assemblies, 
The only difference between the two is the manner in which they are connected to the tractor, 
The rear aide has a rigid connection with the tractor frame, The front aide is connected so that 
It can swivel, preventing torsional strain when traveling over rough terrain* Each aide consists 
of an aide housing, a differential, two aide shafts with constant-Velocity type universal joints, 
two steering spindle groups, and wheels* Some of the parts other than the differential will be 
discussed briefly because they must be removed to perform differential repairs and must be con* 
aidered when diagnosing problems, 

0 ) Axle assembly *, The differential (fig 3-27) used in these assemblies is very similar to 
the differential used in the M37 crane-shovel, it performs four functions! transmits 
torque from the drive pinion to the axle shafts, chant > the direction of rotation of the 
drive parts 90°, provides for a reduction in the doubU*reduction aide, and allows one 
wheel to turn at a different rpm from the opposite wheal* This tractor is also equipped 
with a differential lock which prevents wheel-spuming where the traction is poor* When 
the looks are engaged, the two wheels will rotate at the same rpm regardless of resist- 
ance. The aide is a double-reduction aide assembly; the first reduction is in the dif- 
ferential and the second reduction is in the planetary gearing in the wheels. Power from 
the propelling shaft enters the aide housing at the drive pinion. The drive (ring) gear Is 
bolted to the differential case and la in meeh with the drive pinion. Therefore, It will 
rotate when the drive pinion rotates. The differential pinions and side gears function 
the same as those in the M37 crane-shovel differential unless the differential locks are 
engaged. 
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Fie 3-27, Exploded view of MRS* 1 00 wheeled tractor differential . 
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The axle shafts rotate with the aide gears or the differencial case* Splines cm one side 
of the differential case and s splined aleeve on one axle fflg 3*28) allow the operator 
to lock that axle shaft to the case by moving s collar to engage both sets f ? splines* With 
the axle shaft splined to th? side gear and locked to the case* the side gear must rotate 
at the same speed ar the caae* This prevents wheel-spin because one eida gear must 
rotate faster and one slower than the differential case during wheel* spin. 




* ™" I * ttlta t 6* Spmt (ttfmtlta! 9, Air top* 

*♦ SMmngflwk mmm! ipllaMt 10* 

4* DUfafMUlM* 7, Sup** ih 



Fig 3-28* Differential lock 

It was stated earlier in this course that unless a special universal joint is used there 
will be fluctuation in the speed of the shaft To prevent this* a constant -velocity m i 
versal Joint aim liar to that shown in figure 3*29 Is need* The universal joint provides 
a means of transmitting power to the wheels as they are turned at different angles. The 
spindle group (fig 3*30) serves as a means of supporting and steering the wheels* It also 
houses the constant-velocity universal joint* Removal of the spindle group is necessary 
to remove the differential* 




Fig 3-29* Constant-velocity unl^i il joint. 
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Fig 3*30* Sectional view of axle steering end. 



<a1 Diagnosis . Most of the problems encountered with the title assemblies will be noise, 
vibration* loss of lubricant, and hard steering* Vibrations at the differential are 
usually caused by broken gear teeth or excessive runout of the drive pinion or bear* 
tag* Noise usually occurs in four different situational continuous, while under load, 
while coasting, or when turning* Worn or damaged bearings will cause a noise while 
coasting or during continuous operation* Damaged or worn gears wilt also cause a 
continuous noise, tf the ring and pinion gear adjustment is too tight, the noise will 
occur when under load* Loose ring and pinion gear adjustment and excessive pinion 
gear end play will cause a noise during coasting. Worn differential pinion (spider* 
gears or side gears will cause a noise when turning* Worn, defective* or improperly 
installed oil seals, loose nuts and bolts, defective gaskets, and cracked housings are 
all possible causes for loss of lubricant* The differential can cause hard steering if 
the differential lock is engaged; remember that one wheel must rotate faster than the 
other during turns* 

(bl Repair. To repair or adjust the differential, it must be removed from the axle a? 
sembly* Clean the assembly thoroughly and drain the oil from the axle housing. Mark 
the housings so the/ can be replaced in the same position* Remove the nuts holding the 
housing outer end to the axle housing (fig 3-30), This will allow the axle shafts to be 
pulled far enough from the side gear epltaesto clear the differential case. Do not pull 
the axle shaft on the differential lock side out too far before removing the dlffet jntial 
locking parts. Remove the propeller shaft and nuts holding the differential carrier to 
the axle housing and remove the differential assembly* Repairs and adjustment can be 
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made with the differential carrier assembly out of the axle housing* Clean and Inspect 
the asnembly and repair or replace and adjust all detective parts* The spindle group 
must be disassembled to replace or repair the axle shafts* For detailed Instruction 
pertaining to the axle assembly repair* refer to the TM (or the vehicle being repaired* 



(2) Relation to other vehicles * The axle assemblies used cm the MRS- 1 00 wheeled tractor 
are very similar to those used an other wheeled vehicles* Some parts of the axle as* 
semblles are Interchangeable* but be sure to check the stock number before substituting 
one of the parts* The axle assemblies of the MRS-tOO tractor* the M60 crane* the scoop 
loader* and the fork Hit lunctlon alike* However* some of the vehicles are not equipped 
with differential locks and some of the axle assemblies are not steerable* 
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UNITED ftTATKS MARINE CORP* 
MAitiNt coups institutc mahini sahracks 
wax i**e 

WASHINGTON^ OX. 10099 

ENGINEER EQUIPMENT MECHANIC 
Lesson 3 

Diagnosis and Repair of Power Train Component* 
STUDY ASSIGNMENT: MCI 13.41c, Engineer Equipment Mechanic, ctiap 3, 

LESSON OBJECTIVE* Successful completion of this lesson, combined with on-the-job 

training using the principles presented, will enable you to diag- 
nose and repair power train components such as clutches* trans- 
missions, propeller shafts, differentials* and final drives* 

WRITTEN ASSIGNMENT! 

A. Multiple Choice: Select the ONE answer which BEST completes the statement or 
answers the question* After the corresponding number on the answer sheet, black- 
en the appropriate bo*. 

Value: 1 point each 

U Which component of a vehicle transmits the energy produced by the engine to 
the part doing the work? 

a. Clutch c. Crankshaft 

b. Power train d* Transmission 

2, What type of engine clutch is used in the mobile crane carrier? 

n , Disk c. Contracting 

b, Cone d. Expanding 

3, What part of the engine clutch connects the engine power to the transmission? 

a. Pressure plate c. Driven disk 

b, Input shaft rt. Left output shaft 

4, What is the cause of most engine clutch problems? 

a . Slipping c. Rattling 

b. Grabbing d. Dragging 

ft. When an engine clutch starts to g>*ab, the easiest place to check first is the 

ft. clutch lining* c, engine mountings* 

b, control linkage* d. burred splines* 

6, What clutch deficiency can cause a rattling type of noise? 

a. Weak retractor springs c. Cracks and heat "heckb 

b. Over lubrication d. Oil soaked linings 
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When troubleshooting the grader t\itch, looao bolts In the front power unit support 
clamp would be Indicated by Insufficient free pedal In 



n. forward gear* 



reverse* 



b. neutral* 

8. Which of the below listed tractors has track controls which allow the tracks to 
operate independently of each other? 



9* The clutch of an MCU50 torque converter that is not fully engaging could be 
caused by 



10* The last items to check on the TEREX 82-30M tractor for steering trouble ere 

a, leaking lines and defective valves* 

b, clogged strainers end filters* 

c, worn clutch and brake pack parte* 

d, valve springs and pump* 

11* When bleeding the steering control syetem* what type of fluid should you put in the 
master cylinder? 

a, 8W engine oil c. Brake fluid 

b, 10W 30 engine oil d. Heavy-duty brake fluid 

12* Engaging and disengaging the 2N crawler crane-shovel steering system is through 
what type of linkage? 

a + Air and mechanical c. Electrical 

b, Hydraulic d. Air and hydraulic 

13, The causes of most M-37 crane steeling problems are improper lubrication, 
dirt, and defective 

a* linkage* c. propelling shaft* 

b, tracks* d. upper machinery* 

14* failure ot the UN crawler crane-shovel to turn when the correct lever is moved 
indicates incorrect clutch or brake adjustment* defective air cylinder and 

a* defective tracks* c* excessive speed* 

h* defective levers* d* defective valves* 

U>, The brakes on the 2N crawler crane-shovel are engaged by and released by 



a* air pressure — hydraulics 

b* hydraulics vacuum 

c# spring tension — air pressure 

d» spring tension — hydraulics 



a, 72-3 IMP 

b, 82-30M 



c. Case MCI 150 
d* MRS100 



a* high drive oil pressure* 
b* low drive oil pressure* 



c. 
d. 



high engine rpm. 
low engine rpm. 
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16* should the lower traction shaft assembly be removed and disassembled* why is it 
necessary to insure that the drilled air passages are properly alined during reas- 
sembly? 

it. To insure proper lubrication* 

b. Unallned air passages will prevent installation of all parts* 

c. So that the brake linings may be adjusted* 

d. So that the clutch may be adjusted* 

* <* Most of the attachment control clutches are of what types? 

a* External contracting or Internal expanding 

b, Jaw and cone 

c, Cylinder and cone 

d, External expanding and jaw 

18* Light rust on clutch or brake band drums on the attachment control clutches can best 
be removed by 

;i* sanding, c, use, 

b, turning on the lathe, .d, 5W oil, 

Id* Most problems emountered with the operating clutch on the M37 crane-shovel are 
either failure to disengage completely or 

a, slipping, c, grabbing* 

b, dragging, d, rattling, 

20* Most maintenance problems encountered In the torqmatlc transmission concern oil 



a* pressure -overheating 

b, replenishment-cleanliness 

c, temperature-level 

d, IN pressure-OUT pressure 

21* The torqmatlc transmission Is lubricated* by the name oil which is used 

a, to lubricate the engine* 

b, to cool the engine* 

c, to engage the transmission clutches, 

d, to lubricate the differential, 

22* In a torqmatlc transmission* locked stators, low oil level, clogged or dirty heat 
exchangers or overheated engine cooling system would be indicated by 

a t high ronverter-out temperature, Ct high eonverter-out pressure* 
b, luw ronvfrtcr-ijui temperature, d, low converter-out pressure, 

23* Major repairs to the torqmatlc transmission are made at what level(s) of maintenance? 

a* Organisational and Intermediate (field) 

b. Intermediate (field) and depot 

c. Organizational and depot 

d. Depot only 

24* What test(tf) are performed at the lower echelons on a faulty torqmatlc transmission 
to injure that the problem |s not caused by lack of maintenance? 

a, Stall c, stall tests and pressure checks 

1), Pressure checks d, stall tests itnd tachometer tests 

25, Uy what means Is a propeller shaft attached between a transmission and differential? 

ii ( Universal Joint* c. Shifting collnr 

h, Spllnua fL Keyed and pressed 



and 
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26* How can the effects of speed variation in a universal Joint be minimized? 

a. By using a Blip Joint 

b. tfy using two universal joints with the yokes on the propeller shaft in the same 
plane 

c. By using journal-type universal joints 

d. By changing the angle between the driving component and the propeller shaft* and 
between the propeller shaft and th* driven component 

27* Which statement about the MRS- 100 differential is NOT true? 

a. Differential noiee usually occurs while vehicle is under toad* 

b. Differential noise is usually intermittent. 

c. Differential noise usually occurs when vehicle ie turning* 

d. Differential noise la usually continuous, 

28* A differential noise that occurs under load is probably caused by 

a. loose ring gear and pinion adjustment* 

b, tight ring gear and pinion adjustment* 

c, worn bearings. 

d. worn spider and side gears. 



Total Points* 26 
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Chapter 4 



DIAGNOSING, TROUBLESHOOTING, AND REPAIRING AUXILIARY EQUIPMENT 

Chapter objectives: A student successfully completing this chapter will be able to Identify 
the procedures necessary to diagnose and correct malfunctions of the: 

1* hydraulic system, 

2* compressor, 

X electrical system, 

4* steering system, 

5* tracks and track frame assemblies* 

1-1. CiKNKRAL 

Tinder normal operating conditions the auxiliary equipment seldom needs repairs. Of the 
auxiliary systems, the electrical will be the most troublesome*! therefore, more emphasis Is put 
on troubleshooting this system* For more specific Information, the TM for an individual piece 
"f engineer equipment should be used, 

4-2. HYDRAULIC SYSTEMS 

Hydraulic systems are precision units and their continued smooth operation depends on 
frequent inspection and servicing* It is of primary importance that they be kept clean, with oil 
and filters changed at established intervals* If, In spite of these precautions. Improper operation 
dues occur, the cause can usually be traced to one of the following: 

• Use of wrong viscosity or type of oil* 

• Presence of air In the system* 

• Insufficient fluid In the system* 

• Mechanical damage or structural failure* 

• Internal or external leakage. 

• Dirt* decomposed packing, water, sludge* rust and other foreign matter in the system* 

• Improper adjustments* 

• Heat exchanger plugged, dirty, or leaking* 

a. Testing, Many believe that fluid flow Is a function uf pressure and that pressure gage 
readings alone indicate good or bad circuits and components* The only positive way to teat a hy 
dratillc system Is to use a hydraulic circuit tester* 

b. Troubleshooting* Troubles hooters should follow s set procedure when troubleshooting a 
hydraulic system. The procedure of STOP described below Is one such procedure* 

S - Study the hydraulic circuit diagrams 

T - Test, using the correct tester 

O - Organize the knowledge gained from circuit test results 

P - Perform repairs, taking time to do the job well 

Any troubleshooting procedure must be "by guess or by gage 11 , but you should always test flow and 
pressure at the same time* tf you use a hydraulic circuit tester to test Individual components, 
the return fluid must be directed back to the reservoir via piping outside the system* tf the fluid 
Is returned to the reservoir through the system's piping* the result will bs an Incorrect reading 
because of buildup of back pressure* The following tables will list soms of the problems which 
may bs encountered and their remedies* They are not necessarily listed In the order of most 
frequent occurrence* Check the applicable TM for the equipment being worked on for specific 
Information about Its hydraulic system* In general, cylinders will fall first* Packing will wear 
because of friction and loading against the cylinder wails* Therefore, the cylinders should be Isolated 
first* When test results indicate a properly operating circuit, It Is positive proof of cylinder 
malfunction* Other conditions could occur not directly related to* nor caused by, the various 
parts of the hydraulic system which might show the same general malfunction of an Improperly 
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operating system. Some of them, such a* leaking hoses, packing glands, and seals, would be 
visually apparent; others, such as binding In the directional control valve or cylinder piston rod, 
a dented or deformed hydraulic cylinder, or a crimptd or restricted pressure line, would be 
harder to detect. 



Table 1 1* Improper Operation of PumPs 



Complaint; Failure of_pump to deliver fluid t 


Possible Causes 


1 

Remedies 


Low fluid level in reservoir* 


Add recommended oil and check level on both sides of 
tank baffle to be certain pump suction is submerged* 


Oil mtnk* pipe or inlet filter plugged. 


Clean filter or otherwise remove obstruction* 


Air leak in Inlet line preventing priming 
or crtiiising noise and irregular action 
of control circuit* 


Repair leftks* 


Pump shaft turning too e'owly to prime 
itself (vane type pumps only)* 


Check minimum speed recommendations in appropri- 
ate TM* 


CHI viscosity too heavy to pick up prime* 


Use lighter viscosity oil* Follow appropriate TM's 
recommendations for given temperature and service* 


Wrong direction of shaft rotation* 


Must be reversed Immediately to prevent seizures 
and breakage of parts due to lack of oil* 


Broken pump shaft or parts broken 
lnsfde pump* Shear pin or shear 
linkage broken* 


Refer ta appropriate TM for replacement instructions* 


Dirt in pump* 


Dismantle and clean pump, an* flush system* 


()u var*ablc delivery pumps, the stroke 
Is not ritfht* 


Check appropriate TM for instructional 


Complaint: No Pressure in system 


1'itinp tut delivering oil for any of the 
reasons given above in this table* 


Follow remedies given above in this table* 


Relief valve not functioning properly* 
(a) Valve sotting not high enough* 

<b) Valve letting* 

(c) Spring In relief valve broken* 


Proceed as follows* 

(a) Increase pressure setting of valves (check TM 
for correct pressure)* 

(b) Check seat for score mark and reseat. 

(c) Replace spring and readjust valve* 


Vane or vanes stuck in rotor slots (vane 
type 1 pumps only)* 


Inspect for wedded chips* 

Inspect oil for excessive viscosity* 


Hcnd loose tvt*ry Infrequent)* 


Must not be tightened too tightly* See TM's instruc- 
tions before tightening* 


Vvvts rcc Insulation of oil to tank being 
allow through system* 


A return line may be open due to either a directional 
valve being set In the open-center neutral position or 
some other valve unintentionally open* 


(nti'raul tcakage In control vnlves* 


**o determine location progressively, block off vari- 
ous parts of circuit* When trouble is located, re- 
pair* 
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Table 4-1. Improper Operation of Pumps — contd 



Complaint: Pump making noise 


Possible Causes 


Remedies 


Partially clogged Intake line* Intake 
Pipe. 


Clean out Intake* strainer* or eliminate restrictions* 
Be sure Inlet line is completely open* 


Air leaks 

(a) At pump intake piping joints* • 

(b) At pump abaft packing tit 
present)* 

(c) Air drawn In through inlet pipe 
openings* 


Proceed as follows: 

(a) Teat by pouring oil on joints while listening for 
change In sound of operation* Tighten as required* 

(b) Pour oil around shaft while listening for change 
In sound of operation* Follow appropriate TM'a recom- 
mendations when changing packing* 

(c) Check to be certain Inlet and return lines are 
well below oil level in reservoir* Add oil to reservoir, 

Jl IIC LCaDa I J* 


Air bubblea in intake oil* 


Use hydraulic oil containing a foam depressant* 


Reservoir air vent plugged* 


Air must be allowed to breathe in the reservoir* 
Clean or replace breather* 


Pump running too faat* 


Check recommended maximum speeds from appropri- 
ate TM* 


Too High oil viacosity* 


Use lower viscosity oil* Follow appropriate TM's 
recommend it Ions for given temperature and service* 


Coupling misalinement* 


Reallne* 


Pump head too looae, or a faulty head 
gasket* 


Test by pouring oil over head. Replace gasket or 
tighten head* as 'necessary* 


Stuck pump vane (vane type pump)* 


inspect for wedged chips or sticky oil and reassemble* 


Worn or broken parts* 


Replace* 


Cc uplaintt 


External oil leakage around pump 


Shaft packing worn* 


Replace* 


Mead of oil on Inlet pipe connection* 


Sometimes necessar M w 11 usually cause slight 
leakage* Keep all j ri ;at. 


Damaged head packing* 


Replace* 
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Table 4*1* Improper Operation of Pumps~-contd 



Complaint; Rxcessive wear 


Possible Causes 


Remedies 


Ahraslve matter in the hydraulic oil 
being circulated through the pump* 


Install adequate filter or replace oil more often. 


Vitfcotttty of oil too low for working 
conditions. 


Check pump TM's recommendations or consult the tub 
rtcatlon chart. 


siii8+nincd nigh pressure above maximum 
taimfi rating. 


Check relief or regular valve maximum setting. 


Driv * misalinement or tight belt drive. 


Check and correct. 


Air recirculation causing chatter in 
system. 


Remove air from system. 


Complaint; Breakage of parts inside pump housing 


Possible Causes 


Remedies 


Exclusive prrsaure above maximum 
iwmp rating. 


Check relief or regulator valve maximum setting. 


Seizure due to lack of oil* 


Check reservoir level, oil filter, and possibility of 
restriction in inlet line. 


Solid matter being wedged in pump. 


Install filter in suction line. 


Kxce naive tightening of head screws. 


Follow appropriate jflimpTWs recommendations. 



Table 4-2, Improper Operation of Actuating Mechanisms 



Complaint; System inoperative 


Possible Cause 


Remedy 


Any of the reasons listed in taoles. 


Follow remedies given In tables*, 


Complaint; f,iechnnl«ms creep when 


stopped In Intermediate position 


Air (n system. 


Bleed the system. 


Internal Irak In actuating cylinder or 
directional control valve. 


Replace piston packing or replace cylinder if walls 
are scored. Replace or repair valve. Clean unit 
to remove foreign matter, then check cam clearance. 


Worn |iumii. 


Repair or replace. 


If iictlun it* sluggish on starting up* but 
Homrwhat lc*a siuggiah after operating 
trmpfrntnrfft have Increased, or If 
art Urn nloWu down after warm U P Wn» 
pending on equipment and circuit dc* 
uign), U 1h probable? that viscosity of 
ull is too high. 


Check TM lubrication order. 
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Table 4 -2, Improper Operation of Actuating Mechanlsms--contd 



Complaint: External oil leakage 



Possible Cousoh Remedies 



Knd caps* 


Tighten, If possible, or replace gasket. 


Chevron seals* 


Adjust or replace seal* 


Complaint! Abnormal pack ins gland wear 


Cylinder no* *»*eurely fastened to frame, 
causing vibration* 


Tighten. This should be checked periodically* 


MtHallnrmont of cylinder and piston rod 

extension* 


Check and correct* 



Sldo load on piston rod* Check for allnement of cylinder, worn pins or ball 
i joints* 



TaSle 4-3, Improper Operation of Accumulator 



Complaint: Pressure from accumulator drops suddenly when position of selector valve Is changed 

Possible Cause m Remedy 

Internal or external leak In accu- Repair leak or replace accumulator* 

mulotor* 

Complaint: When pump Is running pressure la normal, but when 
pump is stopped no pressure Is available 

Leaking gas valve or leaking check Replace check valve or gas valve. 
valve in hydraulic line* 

^ Complaint! Sluggish response from accumulator 

Stoppage of oil screen In accumulator* -Dismantle accumulator and clean screen* 

Gas precharge not sufficient* Precharge according to appropriate TM f s Instructions: 

= _ also check for gas leaks* 

Note* Be sure all internal pressure Is released before repairs are made on accumulators* 
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Table 4-4, Excessive He&ilng of Oil In System 



Complaint* Heating caused by power unit <reaervoir t pump, relief 

valve* and coolers) 


Possible Causes 


Remedies 


Relief valve Is set at a higher pressure 
than necessary* Excess oil dissipated 
through Increased slippage In various 
parts, or through relief valve or 
through directional valve* 


Reset relief valve, after checking TM for correct 
pressure* 


Internal oil leakage due to wear In pump. 


Repair or replace pump. 


Viscosity of oil too httf). 


Check LO for correct oil viscosity grade to be used at 
various temperatures* 


Pumps assembled after overhaul may 
be assembled too tightly* This re* 
duces clearances and Increases 
friction* 


Follow TM when rebuilding a pump* 


Leaking check valves or relief valves 
In pump* 


Repair or replace* 


Improper functioning of oil cooler* 
or coolant in cut off. 


Inspect cooler and see that It is clean Inside and 
outside and that air flow or coolant flow around fins 
is not cut off* 


Complaint: Heating because of conditions in system 


Restricted lines* 


If lines are crimped, replace; If partially plugged for 
any reason, remove obstruction* 


Large pump deliveries not unloaded 
properly* 


Make certain that open-center valves are neutralized 
and that any pressure* relieving valves are in the 
correct position* Only small pump volumes should 
be allowed to remain at high pressures when run* 
nlng idle for long periods of time* 


Insufficient radiation* 


Use artificial cooling* 


Internal leaks* 


Locate leaks, then replace packing* 


Reservoir too small to provide ade- 
quate cooling* 


Replace with larger reservoir, or Install cooler* 


Understzc valves or piping* 


Check flow velocity through lines and valves and 
compare with TM*s recommendations* If excessive, 
replace b^lnstalling_ larger equipment* 


Note* If the system operates continually at high operating temperatures, considerations should 
be given to the installation of an oil cooler* 
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Table 4-5. Improper Operation of Fluid Motors 



Complaint: Motor turning to wrong direction 


Possible Cause 


Remedy 


Conductors crossed between control 
valve and motor. 


Check circuit to determine correct conductor connec- 
tion between control valve and motor* 


Complaint; Motor not turning 


or not developing proper speed or torque 


System overload relief valve adjustment 
not set high enough* 


Check system pressure and reset relief valve* 


Relief valve sticking open* 


Clean or replace relief valve and adjust* 


Free recirculation of oil to reser- 
voir being allowed through system* 


Directional control valve may be in open center neu- 
tral (a pool not shifting when control is operated), 
check control valve linkage* * 


Driven mechanism binding because of 
miaalinement* 


Check motor shaft for alinement* 


Pump not delivering enough OPM or 
pressure* 


Check pump OPM and preaaure, repair or replace* 


Motor yoke not set at proper angle (on 
adjuatable motors)* 


AdJuat pump yoke angle* 


Complaint: External oil leakage from motor 


Seals leaking (may be due to drain not 
being connected from motor to tank)* 


Check motor for 3d line (this drain line must go to 
tank used on piston and vane motors)* 
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4-H. COMl'HKSSOH 



The enmpresBor utilized no auxiliary equipment provides the eompreBBed air neeeaBary 
fur equipment brake and steering systems. The proper maintenance Ib a neceBBlty aB the fell- 
ure of this eomproBBfjr would rcBult in unsafe operating conditions. Table 4>6 UBtB a few of 
the failures and oauBeB. They are not Hated In the order of moBt frequent occurrence. 

Table 4-6. Compressor Malfunctions and Remedies 



Complaint 
a. Improper air preBBUre. 1. 

2. 

1). Slow buildup of air 1. 

pressure 

2. 
3. 
4. 
5. 
6. 
7. 

t!. HnpUUoHH of air pres- l, 
nurv when engine Is 
stopped. 

2. 

3. 
4. 
5. 
6. 

<l. Air jn'i'HHuro too high. I, 

2. 
A. 
4. 



Cause 



Air pressure In system Lh 


1* 


above formal* 




Air reservoir damaged 


2. 


Leaking foot brake valve* 


1* 


Leaking air compressor dis- 


2* 


charge valve* 




Leaking air pipes or connec* 


3. 


lions* 




Air compressor untoader 


4, 


valve not adjusted correctly* 




Clogged air compressor 


5. 


niter* 




Worn air compressor pis* 


6* 


tons and rings* 




Leaking relay valve* 


7. 


Worn or leaking air com- 


1* 


pressor discharge valres* 




Leaking air pipes or connec- 


2. 


tions* 




Leaking foot brake valve* 


3* 


Leaking safety valve* 


4. 


Leaking governor* 


5* 


Leaking relay valve* 


e. 


Broken air compressor un- 


l* 


toader mechanism* 




Governor not operating* 


2, 


Defective air gage* 


3, 


Restriction In line between 


4. 


governor and compressor 




loading mechanism* 





Remedy 

Check governor settings* 
Adjust air compressor un* 
loading valves* Replace gov- 
ernor if necessary* 

Inspect air reservoir and 
replace if necessary* 

Replace valve* 

Replace sir compressor head 
assembly* 

Tighten connections or replace 
pipe* 

Adjust untoader valve* 
Clean filter* 

Replace pistons and rings* 

Replace valve* 
Replace head assembly* 

Tighten connections or replace 
pipe* 

Replace valve* 

Replace safety vatve* 

Replace governor* 

Replace relay valve* 

Replace cylinder head sssembty* 

Replace governor* 

Replace governor* 

Remove 'Ine and clear restrlc* 
lion. Replace damaged line* 
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Table 4-6, Compressor Malfunctions and Remedies* 
ComplalnT Cause 

5, Faulty unloading valve or 
compressor, 

6, Unloading valve stuck closed* 



f* Air iJrettHure will not rise 1* Defective air gage, 
to normal* 

2, Excessive leaks* 

3, Reservoir drain cock left 
open, 

4, Faulty unloader valve or 
compressor. 

5, Compressor drive belts slip* 
ping* 

6, Faulty compressor* 

f. Compressor knocks con- 1, Loose drive pulley* 
tlnuou&ly or Intermittently* 



-contd 



Remedy 

i>* Remove head, clean carbon 
and reseat valves* 

6, Remove cylinder head and free 
valve* 

1* Replace gage. 

2, locate and correct leaks* 

3, Cose drain ccck then check 
pressure buildup* 

4, Adjust unloader vMve. 

5, Adjust belt tension* 

6, Repair or replace compressor* 

1* Tighten pulley* Replace puMey 
or key If worn or damaged* 



2, Worn or burned bearings* 2, Replace* 



4-4* ELECTRICAL SYSTEM 

a. General * This paragraph provides a guide for troubleshooting the electrical charging system 
{both a,c, & d*cj and cranking system including the storage battery. These tables should be used 
an a guide only; for more specific Information consult the TM for the specific Item of equipment being 
worked on* The complaints and caused are not listed in the order of most frequent occurrence* 

b. Generators * The charts below give general troubleshooting guidelines for d*c, generators 
and alternators. 

Table 4-7* D.C* Generator Troubleshooting 



Symptom Cause 

a* No output* 1 # Sticking brushes 

2, Gummy or dirty commutator* 

3, Burned commutator* 

4, Loose connections or broken 
leads* 

5, Grounded armature. 

6, Open armature, 

7, Shorted armature* 
6, Grounded field* 

9* Open field* 



Hemedy 

1* Free* replace brushes & springs* 

2, Clean; turn commutator* 

3, Clean; turn commutator and under 
cut mica* Check current-regulator 
setting* 

4, Tighten or solder connections* Re* 
place leads* 

5, Check With tester* Repair or replace* 

6, Repair or replace* 

7, Check on growler* Repair or replace, 
6, Check with tester, 

9. Check with tester. Repair or replace, 
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Table 4-7. D, c. Generator Troubleahootln^-contd 



9 

ERIC 



1 


symptom 








Remedx. 1 

1 






10* 


Shorted fletd* 


10. 


Check with ammeter. Repair or re- 












place. 






it* 


("•Pounded te^minAl. 


it 

A A * 


""i™** or replace* tfepioce insula* 












lion or terminals as needed* 






12* 


Broken drive belt* 


12. 


Replace belt* 


b. 


Excessive output* 


1* 


Grounded field cir- 


1. 


Check with tester* Repair or 








cuit* 




replace* 






2, 


Shorted field circuit 


2. 


Test with ammeter* Repair or 








with field grounded in 




replace* 








generator* 






c. 


Unsteady or low 


t* 


Loose or worn fan belt* 


1. 


Tighten or replace* 




output* 


2, 


Sticking brushes* 


2. 


Free: replace brushed and springs 












as needed* 






3* 


Low brush spring ten- 


3. 


Retenslon or replace* 








sion* 










4* 


Dirty, burned or gwnmy 


4. 


Clean, turn commutator and under* 








commutator* 




cut mica as needed* Check armature 












for opens* 






6 

»* 


Out-of-round, dirty, worn 5, 


(Mean, turn fvttnntiitAtnt* And under* 








or rough commutator* 




cut mica as needed* 








Partial short, ground, or 


6. 


Repair or replace armature* 








open in armature* 






d. 


No lay generator* 


ll 


Loose mounting* 


t. 


Tighten mounting* 






2. 


Loose pulley* 


2. 


Tighten pulley* 






3* 


Worn or dirty bearings* 


3. 


Clean or replace* 






4, 


Improperly seated 


4. 


Seat brushes properly* 








brushes* 






a 


Table 4 


•6* 


Alternator Troubleshooting 






Symptom 




Cause 




Remedy 


a. 


No output* 


1 # 


Open grounded, or 


1. 


Replace stator* 








shorted stator winding* 










2, 


Field winding, grounded. 


2. 


Replace rotor* 








open, or shorted* 










3, 


Brushes do not control 


3. 


Check brushes and brush springs* 








slip rings* 




Replace if necessary* 






4, 


Faulty diodes* 


4. 


Check with LOW voltase d*c* test 












lamp* Replace if necessary* 






5* 


Dirty slip rings* 


5. 


Clean with 400 grain polishing 












cloth* 


b. 


F'xc<*s#ivr output* 


L 


Grounded field circuit* 


1. 


Check with tester* Repair or replace* 




2* 


Shorted field circuit* 


2. 


Test with ammeter* Repair or re- 












place* 




Unsteady or tow 


1* 


Loose or worn drive 


1. 


Tighten or replace* 




output* 




shaft* 










2, 


Sticking brushes* 


2. 


Free; replace brushes and springs 












as needed* 






3* 


Low brush spring* 


3. 


Retenslon or replace springs. 






4. 


Partial tension short. 


4. 


Repair or replace fields* 








ground, or open In field* 










5. 


Dirty or worn slip rings* 


5. 


Clean, turn, or replace* 






6. 


Open or shorted rectifier 


6. 


Replace* 








or stator winding* 
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Table 4-8. Alternator Troubleshooting— contd 



Symptom 




Cause 




Remedy 


Noisy alternator* 


1. 


Loose mounting* 


1, 


Tighten mounting* 




2. 


Loose pulley* 


2, 


Tighten pulley* 






Worn or dirty bearings. 


3. 


Clean or replace* 




4, 


Improperly Heated 


4. 


Seat brushes properly. 






brushes* 










Shorted or open recti* 


5. 


Replace* 






fier or stator winding* 







c* Voltage regulato r* Different manufacturers of voltage regulators have different procedures 
for making checks and adjustments of their regulators* Always check the manual before making 
adjustments. If there Is any doubt and no manual is available, it is usually better not to attempt 
adjustment*, sine** the wrong adjustment may be worse than no adjustment at all* tn the following 
tahU*s, some troubleshooting procedures are given* 



Tabic 4-9* Voltage Regulator Troubleshooting 





Symptom 




Cause 




Remedy j 


a. 


Charged battery ana 


1* 


This is normal opera- 


1* 


Check regulator setting if desired* 




Low charging rate. 




tion* 




b, 


Charged battery 0 nd 


1* 


High voltage- regulator 


1* 


Reduce setting* 




high charging rate* 




setting* 










2, 


High temperature. 


2, 


Reduce voltage- regulator setting. 












reduce battery specific gravity* 






3, 


Generator-field windings 


3. 


Repair generator* 








grounded or shorted* 










4. 


Short, ground or open 


4. 


Repair or replace regulator* 








in regulator* 










5. 


Shorted transistor or 


5. 


Replace* 








faulty diode (a*cj* 








Discharged hattery 


1* 


Defective wires or con* 


1* 


Replace wires; clean and tighten 




and a low or no char- 




nections* 




connections* 




ging rate* 


2, 


Low voltage-regulator 


2, 


Adjust regulator* 








setting* 







d. Chargin g sy stem* The generator and regulator must be considered as a system when 
tn>utj1i*Mtii toting* Certain tests must be made when trouble is experienced to determine whether 
it is the generator, regulator, or wiring causing the trouble. If tests show that the generator Is 
at fault, then the troubleshooting procedures on the following pages should be used to determine 
what has caused the trouble In the generator* 

Hi No outpu t* Check for brush condition, burned commutator bars* or a loose connection* 
Burned bars, with others fairly clean. Indicate open circuit coils* If the brushes appear 
to be* making good contact with the* commutator* and the commutator appears normal* re* 
move the wiring harness and use test probes and a test light to locate the trouble as out* 
liurd In (a)* (b), and (ct below* 

(at Qprn field circuit. Check for open field circuit by placing one test probe on the recep- 
tacle pin field ibi terminal and the other on the field frame or any convenient ground. 
If ihr teat bulb does not light, tht* field ci reutt in open* If the open is from a bad eon* 
urrHoH or broken U>ad, it can be repaired, but If It Is inside uw* of the field colls, the 
roll must be replaced. 
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(b) Shor ed field, if the field circuit is not open, check for a shorted field by connecting 
a atx-volt battery and an ammeter In series with the field circuit* Current flow in 
excepts of 0. 21 ampfi indicates a shorted field. If a ehorted field is Indicated, check 
the regulator contact points, elnee a shorted fit*** may have permitted excessive field 
current to burn the polnte* 

(c) Grounds or shorts. If these teats do not locate the trouble, disassemble the genera* 
tor and test the armature, field, and brush holders for grounds or shorts* 

(2) Low or intermittent output * Check generator drive belt tension as specified In equip- 
ment t5l Check for worn brushes; if lese than 1/2 their original length, replace* In- 
spect the commutator for roughness, grease, dirt, high mica, out-of-round or burned 
bars* Burned bare indicate an open circuit In the armature which must be corrected or 
the armature must be replaced* 

(3) 1 Excessive output* Excessive generator output usually results from Improper voltage 

regulator setting; defective regulator; short circuit between the armature and field 
circuits In the generator, regulator, or wiring; poor ground connection at the regulator; 
or high battery temperature which permits the battery to accept a high charge rate even 
with a normal regulator setting* If the battery temperature is not high, check the cause 
of excesatve generator output by disconnecting the field lead between the generator and 
regulator with the generator operating at medium epeed* If the generator output drops 
off, the regulator Is at fault and must be checked for high setting or short circuits* 

<4) Noisy operation* A noley generator can be caused by loose mountings, loose drive pulley, 
worn beartnge, or improperly positioned brushee* Some heavy duty operations* such 
as those on the Terex 62~30M tractor require proper brush position in relation to the 
neutral point* Neutral point refers to the brush location on the commutator with respect 
to the armature cotls and poles* Check the TM for the piece of equipment being worked 
on for proper procedure for Installing new brushes* 

e. Storage batterlee. Storage batteries provide electrical energy through chemical reaction* 
They do wear out but, with proper maintenance and care, the Ufe expectancy may be prolonged* 
hi the following paragraphs some of the usual problem© encountered with storage batteries will 
be discussed. Troubleshooting procedures are covered In Table 4-10. 

(1) Overcharging , Overcharging will cause overheating and is first Indicated by exceeslve 
use of water* Also, overheating will cauee overcharging, The reason Is an overheeted 
battery will accept more charge current at a given charge voltage* If this condition Is 
allowed to continue, cell covers will pueh up at the positive ends and In extreme cases 
the battery case will become distorted and cracked* An overcharging or overheating 
condition normally Indicates the need for a lower voltage regulator eettlng or better ven* 
tllatlon or batterlee or both* If overheating and overcharging continue after the batteries 
are properly ventilated and the voltage regulator setting 1* adjusted, It Is likely that the 
battery has already been permanently damaged by continued, overcharging* When re- 
ducing the voltage regulator setting, do not reduce below minimum regulator setting 
recommended by TM* 

(2) Undercharging* i hie is another source of trouble which must be corrected promptly* 
A battery operated with insufficient charge over an extended period or time Is likely to 
become aulphated; that is, the lead sulphate on the plates becomes cryetalized* Thle 



condition le caueed by either a faulty generator/ alternator or an incorrect voltage regu- 
lator Betting* A battery In this condition should be removed from the vehicle and sub* 
jpctt'ri to a prolonged slow charge* A fast or overcharging will result in buckled plates, 
which pinch and chafe the separators and eventually perforate the separator, causing a 
short circuit in the cell* 
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00 Overloading* Installing extra electrical units may disturb the balance of the electrical 
system* Additional electrical units should never be Installed until It has been established 
that the existing system In adequate to supply the required current* An overloaded sys- 
tem may result In sulphatrd batteries* 

(4) Leakage, Leakage can be detected by continual wetness of the battery or excessive cor- 
rosion of the terminals, battery carrier, and surrounding area* 

Table 4-10* Battery Troubleshooting 



Symptom 
a. Overcharging* 



t>. Btiltcry uses ex* 
cesslve water* 



c. Run down* 



il* Cracked case* 



e. Bulged case* 



Cause 

1* Charging voltage high* 
2, High temperature* 



L Overcharging* 

2. Case cracked 

3, Leakage* 

1, Undercharging* 

2, Wiring circuit faulty* 

3, Excessive load demand* 

4, High self discharge* 

5, Defective or old battery* 



Corrective Action 

I* Check generator, regulator system* 
2, Provide proper ventilation* Re- 
duce battery specific gravity* 

L Check as In Item a, 

2, Replace battery* 

3* Reseal or replace battery* 

1, Check generator/ regulator system* 

2, Check and replace If faulty* 
3* Reduce load* 

4, Recharge periodically; do not allow 
battery to stand Idle* 

5. Recharge, test, replace If necessary* 



1, Loose holddown clamps* L Retlghten* 

2, Holddown clamp too tight* 2, Tighten properly* 

3, Battery frozen. 



L Mot battery* 

2, Holddown clamps too 
tight* 



3, Keep charged to prevent freezing* 

1* If from overcharge, reduce regu- 
lator voltage* 
2, Loosen and adjust properly* 



f* Corrosion* 



U Overfilling. 
2, Overcharging, 



1* Avoid overfilling; clean holder* 
2, Adjust regulator voltage. 



4-5* CRANKING SYSTEM 



When a problem develops In the cranking system, the operator will probably not come in and 
say "It's the solenoid* " or "it's the starter* " About the only complaints you will hear are slow 
cranking or no cranking at all* Sometimes the operator might say there's a chattering noise when- 
ever he presses the starter button* To determine the problem, a logical procedure of diagnosing 
should be followed* Table 4-11 that follows lists conditions that occur along with possible causes 
and checks and corrections* Note: The conditions listed are not in order of frequency of occur- 
rence* That Is condition a does not occur more often than condition b, nor does cause 1 neces- 
sarily occur more often than cause 2. 

Note ; An aid to troubleshooting the cranking system Is tc turn on the light switch before 
engaging the starter (conditions a thru e)* 

Table 4*11* Cranking System Troubles! oottng 



Condition 

No cranking* No 
lights* 



Cause 



1, Battery dead* 



Remedy 

1* Recharge or replace battery* 



b. No cranking* Lights 1* Poor connection, prob- 1, Clean cable clamp and terminal; 
go out* ably at battery* tighten clamp* 
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Table 4-11, Cranking System Troubleshooting— eontd 



Condition 




Cause 




Remedy 


c. 


No cranking* Lights 


1* 


Pinion (Bendlx) not 


1* 


Clean pinion and sleeve; Replace 




dim slightly* 




engaging. 




damaged parts* 






2. 


Excessive resistance 


2. 


Clean commutator; replace brushes; 








or open circuit In crank- 




repair poor connections* 








ing motor. 






d. 


No cranking* Lights 


i* 


• 

Trouble In engine* 


1* 


Check engine to find trouble* 




dim heavily* 


2, 


Battery low* 


2, 


Check* recharge/ or replace* 






3* 


Very low temperature* 


3. 


Battery must be fully charged, 












engine wiring circuit and crank- 












ing motor in A-l condition* 






4, 


Pinion (Bendixl jammed* 


4. 


Free pinion* 






S. 


Frozen shaft bearings. 


5. 


Repair cranking motor* 








direct short In cranking 












system* 






c* 


No cranklntf. Lltihta 

IfV • W Bant lipfcf arftHIVf D 


1* 


Open circuit in switch* 


1* 


Check switch contacts and connec- 




stay bright* 








tions* - 






2 
*** 


Oben circuit in crank* 


2, 


Check commutator brushes, and 








ing motor* 




connections* 






3. 


Open in control circuit* 


3* 


Check solenoid and switch connections* 


f* 


Engine cranks slow* 


1. 


Battery run down* 


1* 


Check, recharge or replace* 




ly but does not start* 


2. 


Very low temperature. 


2. 


Battery must be fully charged* 




3. 


Cranking motor defect* 
ive* 


3* 


Test cranking motor* 






4, 


Undersized battery cables* 


4* 


Install cables of adequate size* 






S. 


Mechanical trouble In 


5. 


Check engine* 








engine* 










6. 


Also driver may have 


6, 


♦See g, below* 








run battery down at- 












tempting to start* 






g. 


Engine cranks at 


1. 


Ignition system defec- 


1* 


Try spark test; check timing and 




normal speed but 




tive* 




Ignition* 




does not start* 


2. 


Fuel system detective* 


2. 


Check fuel pump, lines, carburetor. 












and injectors* 






3. 


Air leaks in intake manl* 


3* 


Tighten mountings and lines* Replace 








fold or fuel lines* 




gaskets as needed* 






4. 


Engine defective* 


4, 


Check compression and valve timing* 


He 


Solenoid plunger 


1. 


Hold-In winding of sole* 


1* 


Replace solenoid* 




chatters* 




nold open* 










2. 


Low battery with high 


2, 


Charge battery* Reset relay* 








solenoid relay setting* 






i* 


Pinion disengages 


1. 


Sticky solenoid plunger* 


1* 


Clean and free plunder* 




siowiy after starting* 


2. 


Engaging mechanism 


2, 


Clean armature shaft* 








sticks* 










3. 


Engaging mechanism 


3* 


Replace* 








detective* 






- 




4. 


Return spring weak* 


4, 


Install new spring* 



o. No cranking, no lights, or lights go out. When the battery is completely discharged or 
there Is an open in the circuit, the lights will bum very dimly or not at nil. Check the wiring* 
connections* and witch* A b* ,1 Connection between the cranking motor and battery will be Indicated 
by the lights coming on when the light switch Is turned on but going oft when the cranking motor cir- 
cuit t» closed* The bad connection Is probably at one of the battery terminals* You can often 
tell if there Is a bad connection by keeping the cranking motor circuit closed for a few seconds* 
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If thertt is a bad connection* heat will develop* Sometimes there Is so much heat that the con* 
nectlon starts to smoke* You can find almost any bad connection In a circuit through which cur* 
rent Is flowing by putting a voltmeter across the connection* 

b* No cranking, lights dim* When the cranking motor circuit Is closed* try to determine 
whether the lights dim slightly or considerably* If the lights dim only slightly with no cranking 
action* there could be excessive resistance or a partial open In the cranking motor* If slight 
dimming Is accompanied by the sound of a running electric motor, It la possible that the pinion 
ia not engaging* If the lights dim considerably without cranking action* there could be mechani- 
cal trouble* in the engine, the battery could be run down, temperatures might be very low, or 
there could be trouble In the cranking motor itself* 

c* No cranking, lights sta y b right* When the cranking notor circuit is closed and no cranking 
action takes place and the tights ~stayl»right, it means that there is no current flowing from the 
battery to the cranking motor* Remember that on some pieces of equipment there le a safety 
switch that prevents starting unless the transmission lever is in neutral* 

d* Engine cranks Blowly but does not start* This condition may be caused by several things* 
The battery may be run down, the temperature may be so low as to cause cranking difficulty* 
cranking motor may be defective, understae cables may have been installed or there may be 
mechanical trouble In the engine* 

e* Solenoid chatters* This condition is caused by on open circuit In the hold-in windings of 
the solenoid which In turn causes the plunger to pull in and release repeatedly when the control 
circuit la closed. 



f* Pimon disengages slowly after starting* Possible causes are a sticky solenoid plunger, 
a defective clutch, weak return spring or clutch sticking on the armature shaft* If slow disen- 
gagement is noted, prompt measures to eliminate the troubles should be taken before the armature 
is ruined by thrown windings, 



4-6* STEERING SYSTEM 



There are many types of Peering systems used on Marine Corps engineer equipment for 
both tracked and wheeled vehicles* Proper maintenance eliminates the need for major repairs on 
these steering systems* Tables 4*12 and 4-l'3 are guides for troubleshooting steering problems 
for wheeled and tracked vehicles respectively* The problems and causes are not listed in the 
order of most frequent occurrence* For more dialled information, consult the specific TM for* 
the piece of equipment being worked on* 



Table 4-lj2* Troubleshooting Chart for Wheeled Vehicles 



Trouble 

Steering hard In one 
direction only* 



Probable Cause 

1* Steering booster out 
of adjustment* 



Remedy 

1* Adjust piston travel In booster valve 
to obtain equal case of steering In 
either direction* 



b* Steering hard In both 
directions* 



1* Defective booster pump* l< 



2* 
3* 
4* 



S* 

e* 
7* 



Low oil supply* 
Clogged oil filter* 
Volume control valve 
of power cylinder de- 
fective or out of proper 
adjustment* 

Incorrect steering gear 
adjustment* 
Binding ball Joints* 
Tires not Inflated to 
proper pressure* 



2< 
3. 



Repair or replace pump (see engine 
manual). 

Replenish oil supply* 

Clean filter* 

Repair or replace valve* 



S* Adjust steering gear* 

6* Replace ball Joints* 

7* Inflate to proper pressure* 



Table 4-i 2, Troubleshooting Chart for Wheeled Vehicles — contd 



Trouble 



Probable Cam e 



Remedy 



Kxoesslve free play 
at rtccrtng wheel* 

'I* Excessive slack in 
steering mechanism* 



U Worn steering gear* 
2. Steering gear out of 
adjustment* 

1, Excessive wear at trun* 
nion beatings* 

2, Worn or damaged ball 
joints* 

3, Loose steering gear 
mounting 

4, Wheel bearings improper* 4, Readjust or replace* 
ly adjusted or damaged, 

5, Excessive wear at tic 5* Replace tie rod* 
rod ends* 



1* Replace* 

2* Adjust steering gear* 
1* Replace* 

2, Replace ball joints and reatine 
wheels* 

3, Tighten mounting hardware* 



Suiting feels lumpy* 1# Steering gear dry* 
rough, nnd hangs up 2 # Defective beatings in 



occasionally* 



steering gear* 



f. Malfunction of power 
steering hydraulic 
system* 



3. 



Dirt or foreign material 
In steering gear* 
4* Broken or rough worm 
or sector in the steering 
gear* 

I* Fluctuation of pressure 
due to faulty relict valve* 
caused by foreign n+ater- 
lal lodged on valve seat, 
or by damaged or worn 
valve* 

2 # Slippage of pump drive 
or pump malfunction 
causing loss of pressure* 

3, Piston rod binding or 
sticking caused by cramp* 
ing wheels. 



4, Chattering caused by 
loose mountings or link* 
Age: relief valve set too 
low or insufficient pump 
flow* 



Unsatisfactory steering in 
either direction, caused 
by air in system, exces- 
sive wear in steering 
cylinder, incorrect sys- 
tem pressure, worn pump* 



1* Add proper quantity and type grease* 

2 # Replace bearings* Refill with proper 
grease* 

3# Disassemble, clean, grease, and 

reassemble* 
4, Disassemble, replace worn or 

damaged parts* 



1* Flush and refill system* If condition 
Btill exists, overhaul valve assembly* 



2, Check pump in accordance with 
engine manual* 



3* Shut off hydraulic flow and uncouple 
rod* The rod should slide freely 
tn or out by hand with a maximum 
force of 30 lb* If binding Is ap- 
parent, replace unit and readjust 
wheel stops to prevent recurrence 
of damage* 

4, Make certain all bair&tud mountings 
and other linkage is tight* Set * 
lief valve at least 150 psl lilgr- r 
than normal steering requirerm Vs 
of the vehicle* Bleed air from > y& 
term Insufficient pump flow at *<tte 
speeds can be corrected by incv. « ..tig 
engine idle speed* 

5, Check for air in system* Excessive 
noise or foamy condition of oil indi- 
cates aeration* Check to be sure atr 
is not entering system through poor 
threads, hoses, pump seals, "O" 
rings, gaskets or loose connections* 
Excessively worn cylinders result 

In leakage past the piston* Replace 
cylinder* Set relief valve at least 
150 pal above normal steering require- 
ments* Repair or replace pump. 
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Table 4-l|3 Troubleshooting Chart for Tracked Vehicles 





Trouble 




Probable Cause 




Remedy 




Knginr oimratcH but 


1. 


Htpurlng brakes locked. 


1* 


Release steering brake pedals fr*m 




tractm* will nut niovt\ 








latching pawls* 






2* 


Steering clutches slip* 


2, 


Adjust steering clutches* 


b. 


Tractor wilt not 


!♦ 


Steering clutch docs not 


l* 


Pull steering clutch lever all the 




tu rn # 




disengage* 




way back. 






2* 


Steering clutch not 


2. 


Adjust steeilng clutch and controls* 








properly adjusted. 










»• 


Steering clutch faulty* 


3* 


Remove, and repair or replace* 


c, 


Tractor will not 


1* 


Steering clutch does 


1* 


Refer to "Tractor Will Not Turn"* 




mike short (pivot) 




not disengage* 








t;trn* 


*> 
** 


Steering brake will not 


2* 










hold* 












a* Steering brake not 


a* 


Adjus" steering brake and controls* 








properly adjusted* 












b+ Steering brake word 


b # 


Replace steering brake* 








or muiiy* 






'I, 


Tractor loses pull- 












ing |K>wt*r* 


i* 


Steering brakes drtig* 


1* 


Remove Inspection cover and hand* 












feel the steering brake bands* If 












bands are hot, brakes are dragging* 












Adjust brakes* 






2* 


Steering clutches slip* 


2* 


Adjust steering clutches* If clutches 












are faulty, remove and repair. 






3. 


Engine clutch slips* 


2* 


Refer to "Engine Clutch" paragraph 










3-2b(l)(a>* 


e. 


Steering clutches 


1* 


Improper use of steer- 


1* 


Steering brakes should never be ap* 




overheat* 




ing brakes* 




plied unless steering clutches are 












completely disengaged* 






2* 


Steering brakes drag. 


2* 


Remove Inspection cover and hand* 












feel the eteering brake hands* If 












bands are hot, brakes are dragging* 












Adjust brakes* 






3, 


Steering clutches slip* 


3* 


Adjust steering clutches* If clutches 












are faulty, remove and repair. 




Steering brakes 


1* 


Brakes adjusted too 


U 


Adjust brakes to proper clearancea* 




overheat 




tight* 










2* 


Steering clutch does 


2, 










not disengage* 












a* Improper adjustment 




a. Adjuat steering clutch* 








b. Warped discs. 




o» Replace warped discs* 






3, 


CHI on brake lining* 


3* 


Wash or replace lining* 








Binding in brake 




Free controls and lubricate with 








controls* 




light oil* 



Table 4-14* Steering Booster Hydraulic Pump 



Problem 




Probable Cause 




Probable Remedy 


a, Pump unusually 


1. 


Low oil supply* 


1* 


Fill to proper level* 


noisy* 


2* 


Restriction in suction 


2, 


Remove the line and clean out 




line* 




thoroughly. 


b+ Pump takes too 


I* 


Low oil supply* 


l* 


Fill to proper level* 


long to respond 


2* 


Pump worn or damaged* 


2* 


Inspect, repair or replace* 


or falls to respond* 
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Table 



4-14. Steering Booster Hydraulic 



Pimp*-contd 





I Problem 
i 


1 

l 


Probable Cause 




Probable Remedy 


c, 


Oil heats up* 


i. 


Low oil supply* 


1. 


Fill to proper level* 






2. 


Dirty oil, 


2* 


Drain, flush and refill with clean oil* 






3. 


Pump worn* 


3. 


Repair or replace* 


d* 


Oil foaming* 


1. 


Air leaking Into suction 


1* 


Tighten all connections* 








line from reservoir to 












pump* 










2. 


Wrong type oil being used* 2* 


Drain and refill with proper grade 












of oil* 






3. 


Low oil supply* 


3* 


Fill to proper level* 


e* 


No booster action 


1. 


Spool valve sleeve fits 


1* 


Disassemble the booster and clean 




(Manual steering 




too tight and "hangs up 1 ' 




all moving parts thoroughly* 




only)* 




(caused by dirt)* 










9 
** 


Loose fitting spool valve 


2* 


Replace spool valve and sleeve as 








sleeve* 




a matched set* 






3. 


Loss of oil In system* 


3* 


Check for leaks In system* Fill 












oil reaervoir to proper level with 












correct grade of oil* 






4. 


Worn piston rings* 


4* 


Replace the cast iron piston rings* 






5. 


Hydraulic pump damaged, 


5. 


Remove pump and repair or replace* 








or worn excessively re- 












sulting in loss of pres- 












sure. 










6, 


Broken linkage to control 


6, 


Check linkage and repair* Recheck 








lever or booster out of 




booster adjustment* 








adjustment* 






f* 


Partial steering* 


1* 


Defective hydraulic 


I* 


Reverse pressure connections at 




(One track only) 




pump* 




pump and check to see If the opposite 












track is now affected. If so, remove 












pump and repair* Or, check booster 












for failure. 






2. 


One or the other booster 


2* 


Determine which and make repair* 








cylinder inoperative* 







4-7* TRACKS AND TRACK FRAME ASSEMBLIES 

These assemblies bear the brunt of the wear and tear on the piece of equipment* They are 
Hubjerfi'ri to the forces and torques caused by the rough terrain they are designed to travel oven 
Proper maintenance minimizes the need for major overhauls* Table 4-1 S| lists some of the prob- 
lems and remedies for track and track frame assemblies. They are not listed in the order of most 
frequent occurrence* 



Table 4-15* Troubleshooting Tracks and Track Frame Assemblies 



ERLC 



P rob Ism 


Probable Cause 




Probable Remedy 


it, Track chain loose. 1* 


Track not properly 


I. 


Adjust track tension* 




adjusted. 






2. 


Sprocket worn* 


2* 


Remove, and repair or replace* 


3* 


Track links or bushings 


3* 


Remove, and repair or replace* 




worn. 






4* 


Track springs broken* 


4* 


Remove the track spring guard and 








inspect track springs for breakage* 








If none apparent, remove the springs 








and check their free length and test 








length for evidence of weakness* 
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Table 4*15+ Troubleshooting Tracks and Track Frame Assemblies- *contd 



Problem 



Probable Cause 



Probable Remedy 



b+ Kxcrssive track 
wear* 



c* Track shoes 
loose* 

<!♦ Track rollers cto 
not turn* 



e+ Track Idlers do 
not turn* 



U Damaged sprocket* 1. 

2* Front Idler mlsallned* 2* 

3 # Improper track tension* 3* 

4* Track rollers or Idlers 4* 
do not turn* 



U Front Idler does 
not turn* 

2* 
3* 



g* Lubricant leakage* 



h* Excessive or uneven U 
wear of track rollers 2* 
track Idlers* front 
idler, and sprocket* 



1* Tractor loses 
power* 



j+ Track chain comes 1* 
off during operation* 2+ 

3* 



k, Tractor creeps 
to one side* 



1* 
2* 
3* 



Insufficient torque on 
shoe bolts* 



1* Insufficient lubrication* 1+ 
2* Bushings seized* 2* 



3, Packed dirt between 3* 
roller and track frame* 

1* Insufficient lubrication* 1* 

2* Dirt packed tight 2* 

against Idler* 
3* Internal seizure on 3* 

shaft* 



I* Insufficient lubrication* 1+ 



Dlrl packed around Idler* 2* 
Bearing seized* 3* 



Failure of sealing through 1+ 
wear on seals and gaskets* 

Track tension incorrect* 1* 
Front Idler mlsallned* 2* 



1* Track chains too tight* 



Rocks In track assembly* 
Track chain loose* 
Track spring broken, 
f;*>nt idler worn or mis* 
aligned* 

Worn sprocket teeth* 

Track loose on one side* 
Track shoes loose* 
Track spring broken or 
adjusting rod mtsaUfled* 



1* 



Remove* and repair or replace* 
Remove, and repair or replace* 
Adjust track tension* 
Clean and lubricate, or remove and 
repair or replace as required* 



U Apply correct torque* 



Lubricate as frequently as directed 
In the lubrication chart* 
Remove faulty roller and replace 
bushing* Lubricate thoroughly as 
directed # 

Remove the packed dlrl* 

Lubricate as direct ec in the 
lubrl-atlon chart* 
Remove packed dlrl* 

Remove the Idler and Inspect parts* 
Thoroughly clean and replace parts 
if necessary* 

Lubricate as directed in the 
lubrication chart* 
Remove dlrl* 

Remove the front Idler and replace 
pari If necessary* 

Remove parts affected and replace 
seals and gaskets with new* 

Adjust track chain tension* 
Reallne* 



Adjust track chain tension* Tight 
track chains may cause tractor to 
lose up to 75 percent of power* 



U Clean rocks and dlrl from tracks* 

2* Adjust track chain tension* 

3+ Remove, and repair or replace* 



4* Reverse or replace sprockets* 

1* Adjust track tension* 

2* Tighten capscrews properly* 

3* Remove track spring assembly and 

check atlnement* Replace parts as 

necessary* 
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4-8. SUMMARY 

Hiifdflc information for troubleshooting auxiliary equipment should be obtained from the 
TM tor thv equipment concerned. Chapter 4 Ib intended an R training aid and guide only and in 
only general in nature* This Information coupled with cn-the-job training should familiarize you 
with some of the problems and start you on the road to being a competent troubleshooter* 
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ENGINEER EQUIPMENT MECHANIC 
Lesson 4 

Diagnosing, Troubleshooting, and Repairing Auxiliary Equipment 
STUDY ASSIGN ME NTi MCI 13* 41c, En gineer Equipment Mechanic, chap 4, 

LESSON OBJECTIVE: Successful completion o' this lesion, combined with on-the-job training 

using the principles presented, will enable you to identify: the basic 
components of vehicular engineer equipment, the diagnostic and repair 
procedures of the hydraulic systems, compressor, electrical systems, 
steeling systems, tracks, and track frame assemblies* 

WRITTEN ASSIGNMENT: 

A* Multiple Choice: Select the ONE answer which BEST completes the statement or answers 
the question* After the corresponding number on the answer sheet, blacken the appropriate 
box. 

Value: 1 point each 

1* Which of the following Is NOT a cause of hydraulic system failure? 

a* Insufficient fluid c. Leakage In system 

b. Air In system d. Broken crankshaft 

2, The only positive way to test * hydraulic circuit i* 

a, to use s hydraulic circuit tester* c, to use a fluid pressure gage* 
h* to use a fluid flow tester* d, to use a temperature gage* 

3, When testing a hydraulic circuit, the return fluid must be directed to the reservoir 
through 

a* a return hose outside the system* c, the hydraulic pump Inside the system* 
b* the systems piping Inside the d* the cylinders Inside the system* 

system* 

4, Generally, the first part of a hydraulic system to fall Is the 

a* pump* c» hoses* 

b, cylinders* d. valves* 



Isn 4; p, I 

ERIC 



142 



B, Matching fin the groups below, match the appropriate Item in column 1 with the corre- 
sponding item in column 2, After the corresponding number on the answer sheet, blacken the 
appropriate box* 

Value* 1 point each 

Note: fin the drat group* refer to table 4-1 1 





Column 1 




Column 2 




Cause 




Complaint 




Wrong direction of shaft rotation 


a* 


Excessive wear 






b. 


Pump* making noise 


6* 


Internal leakage In control valves 


c» 


No pressure in system 






d. 


Failure of pump to deliver fluid 


7* 


Reservoir air vent plugged 


e* 


External oil leakage 


8* 


Damaged head packing 






9* 


Mr recirculation 







Notet In the second group* refer to Table 4-2* 
Column 1 
Cause 



Column 2 
Complaint 



14 Internal leakage in actuating 
mechanisms or operating valves 



1 1 # Worn pump 
12. Side load on piston rod 
13* Chevron seals 

Note: Items In this group deal with the compressor 

Column 1 
Symptom 
14# Slow buildup of air pressure 



a* Abnormal packing glanu wear 

b* Mechanisms creep In Intermediate 

position 
Ci External oil leakage 
d# Times of operation longer than specified 



Column 2 
Cause 



15* Rapid loss of air pressure when 
engine to stopped 

i Ij* Air pressure too high 

17# Compressor knocks 



a* Broken air compressor unloader 

mechanism 
b# Worn or burned bearings 
c* Worn or leaking air compressor dto* 

charge valves 
di Air pressure will not rise to normal 
e. Worn air compressor piston and piston 
rings 
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Note: Items In this g?ou[> (leal with a d.c. generator* 
Column 1 
Cause 



Column 2 
Symptom 



18. Loo bp or worn fan belts 

19+ Worn or dirty bearings 

20, Shorted field circuit with field 
grounded in generator 



a, No output 

b+ Excessive output 

c+ Unsteady or low output 

d+ Noisy generator 



21* Open armature 

Note: Hems in this group deal with wheeled vehicle steering systems* 

Column 1 Column 2 

Cause Complaint 
22* Binding balljoints 
23* Worn steering gear 
24* Defective bearings In steering gear 

Note* Items in this group deal with tracks and track frame assemblies* 



a* Steering hard in both directions 
b+ Steering feels lumpy or rough, hangs 

up occasionally 
c* Excessive free play at steering wheel 





Column 1 




Column 2 




Cause 




Problem 


25* 


Sprocket worn 


a, 


Excessive track wear 






b* 


Track shoes loose 


26, 


Front Idler mlsaUned 


c. 


Track rollers do not turn 






d* 


Track chain loose 


27, 


Insufficient lubrication 






28* 


Insufficient torque on shoe bolts 







C, Multiple Choicer Select the ONE answer which BEST completes the statement or answers 
the question* After the corresponding number on the answer sheet, blacken the appropriate 

box* 

Value: 1 point each 

20, When troubleshooting the charging system, you should consider the generator and 
the as a system* 



a, wiring harness* 

b, regulator* 



c+ battery* 
d+ starter* 
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30* A fully charged battery and low charging rate la considered 

a, normal voltage regulator operation* c, low voltage regulator setting* 

b, high voltage regulator setting* d, excessive voltage regulator output* 

31, A cranking motor pinion disengaging slowly after starting indicates 

a* low battery with high relay setting, c, weak return spring* 

b, hold* in winding of solenoid open. d, undersized battery cables* 

32* A dead battery or open electrical circuit i* Indicated by which of the following 
symptoms? 

a. No cranking, lights go out c* Excessive resletanee In circuit 

b. No cranking and no lights d* Solenoid chatter 

33* A battery using an excessive amount of water Indicates 

a* overloading* c* undercharging* 

b, normal operation* d, overcharging* 

D, True or False: Indicate your choice of true or false by marking a for true and b for false 
after the corresponding letter on the answer sheet* 

An operator has indicated that his tracked vehicle loses pulling power* Considering 
onty the steering system as being at fault* indicate which of the following would or would 
not cause the above problem* 

34* Steering clutch does not disengage 

35* Steering brakes drag 

36* Steering clutches slip 

37* Engine clutch slips 



Total Points! 37 
* * * 
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